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Abstract!
Introduction:+The!importance!of!good!nutrition!is!not!always!recognized!among!athletes!and!their!coaches.!Young!athletes!need!
professional!guidance,!so!they!can!learn!how!to!execute!dietary!practices!that!support!their!athletic!performance!and!overall!wellM
being.!The!growing!body!of!scientific!evidence!on!performance!enhancing!nutrition!and!its!practical!applications!challenges!the!
Finnish!field!of!competitive!sports!to!invest!in!professional!nutrition!coaching!among!athletes.!+
!
Aims+of+the+study:+The!aim!of!this!study!was!to!examine,!if!eating!habits!of!young!endurance!athletes!can!be!influenced!by!a!
nutrition!intervention!carried!out!using!a!mobile!application!(MealLoggerTM)!with!an!inbuilt!nutrition!program.!We!also!examined,!
whether!the!motivation!towards!sports!and!nutrition!and!the!perceived!competence!for!following!a!certain!diet!are!related!to!
athletes’!adherence!to!the!nutrition!program!and!to!the!measured!changes!in!food!intake.+
!
Materials+and+methods:+17!young!individual!endurance!athletes!followed!through!a!fourMweek!nutrition!intervention!by!keeping!a!
photo!food!journal!and!logging!their!food!servings!with!the!smart!phone!application!MealLoggerTM.!A!common!application!inbuilt!
nutrition!program!with!servings!goals!for!different!food!groups!was!designed!in!advance!and!implemented!after!a!group!education!
session!on!optimal!sports!nutrition.!During!the!intervention!period,!the!participants!received!realMtime!feedback!from!the!mobile!
application!on!their!adherence!to!the!nutrition!program.!In!addition,!individualized!meal!photo!comments!were!provided!by!a!
nutritionist!three!times!a!week.!The!athletes!also!received!common!weekly!motivational!messages!through!the!application.!Food!
intake!was!measured!at!baseline,!after!the!intervention!and!8Mweeks!after!the!intervention!using!food!frequency!questionnaire!
(FFQ).!The!motivation!and!perceived!competence!were!assessed!with!SelfMDetermination!theory!(SDT)!questionnaires.!The!
adherence!to!the!nutrition!program!was!assessed!by!comparing!the!logged!food!servings!to!the!defined!nutrition!goals.!
!
Results:+Twelve!participants!(71%)!completed!the!postMintervention!questionnaires.!No!statistically!significant!changes!in!
consumption!of!food!groups!included!in!the!nutrition!program!were!detected.!The!consumption!of!berries!increased!2,36!times!per!
week!(SD!4,07!p=0,049).!The!consumption!of!skimmed!milk!decreased!3,00!times!per!week!(SD!4,28,!p=0,042)!and!the!
consumption!of!milk/alternatives!in!total!decreased!3,67!times!per!week!(SD!5,82,!p=0,034).!MealLoggerTM!data!was!retrieved!from!
15!participants.!Most!of!the!participants!(n=8)!with!high!adherence!(H)!achieved!at!least!3!out!of!4!goals!on!every!week.!Most!
participants!(n=7)!with!low!adherence!(L)!failed!to!achieve!any!of!the!nutrition!goals!on!any!of!the!four!weeks.!No!statistically!
significant!differences!in!motivation!or!perceived!competence!were!found!between!the!H!and!L.!The!overall!engagement!to!the!
mobile!application!was!lower!in!L!compared!to!H.!The!participants!in!L!were!mostly!female,!significantly!younger!and!more!likely!to!
be!living!with!a!guardian,!responsible!for!the!acquisition!and!preparation!of!food.!!
!
Discussion:+Despite!detecting!only!small!dietary!improvements,!the!application!showed!good!feasibility!and!acceptability!among!
the!high!adherence!participants.!In!the!future,!to!provide!more!effective!nutrition!coaching!an!appropriate!baseline!assessment!
should!be!included.!The!goals!of!the!nutrition!program!should!be!adjusted!according!to!the!athletes’!individual!needs.!More!
democratic!coaching!styles,!with!parental!involvement!should!be!explored!in!order!to!increase!engagement!and!adherence!of!
young!athletes.+
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Johdanto:!Urheilijat!ja!heidän!valmentajansa!eivät!aina!tiedosta!hyvän!ravitsemuksen!merkitystä.!Nuoret!urheilijat!tarvitsevat!
ammattimaista!ravitsemusvalmennusta!oppiakseen!toteuttamaan!harjoittelua!ja!hyvinvointia!tukevia!ravitsemuskäytäntöjä.!
Kasvava!tutkimusnäyttö!ravinnon!ja!suorituskyvyn!välisestä!yhteydestä!sekä!suorituskykyä!parantavista!ravitsemuskäytännöistä!
haastaa!suomalaisen!huippu/urheilun!panostamaan!ammattimaiseen!ravitsemusvalmennukseen.!
!
Tavoitteet:!Tutkimuksen!tavoitteena!oli!tutkia,!voidaanko!nuorten!kestävyysurheilijoiden!ruokailutottumuksiin!vaikuttaa!
mobiilisovelluksen!välityksellä!toteutetulla!ravitsemusohjauksella,!jonka!keskiössä!on!sovelluksen!kautta!asetettava!tavoitteellinen!
ruokavalio/ohjelma.!Tavoitteena!oli!myös!selvittää!vaikuttavatko!urheilijan!motivaatio!ja!koettu!pystyvyys!ruokavalio/ohjelmassa!
asetettujen!tavoitteiden!täyttymiseen!ja!ruuankäytössä!havaittuihin!muutoksiin.!!
!
Aineisto/ja/menetelmät:!17!nuorta!kestävyysurheilijaa!osallistui!neljän!viikon!mittaiseen!ravitsemusvalmennukseen,!jossa!pidettiin!
ruokapäiväkirjaa!mobiilisovellus!MealLoggerTM!avulla!kuvaamalla!aterioita!ja!kirjaamalla!ruoka/aine!annoksia.!Urheilijat!osallistuivat!
ravitsemusvalmennusluennolle,!jonka!jälkeen!heille!asetettiin!mobiilisovelluksen!kautta!kaikille!yhteinen,!eri!ruoka/aineryhmien!
annosmäärätavoitteisiin!perustuva!ruokavalio/ohjelma.!Intervention!aikana!sovellus!tarjosi!osallistujille!reaaliaikaista!palautetta!
siitä,!kuinka!hyvin!he!onnistuivat!täyttämään!ruokavalio/ohjelmassa!asetetut!tavoitteet.!Myös!osallistujien!ateriakuvia!
kommentointiin!yksilöllisesti!kolmesti!viikossa.!Lisäksi!osallistujat!vastaanottivat!sovelluksen!kautta!motivoivia,!viikoittaisia!kaikille!
yhteisiä!viestejä.!Ruoankäyttöä!mitattiin!tutkimuksen!alussa,!intervention!päätyttyä!sekä!8!viikkoa!intervention!jälkeen!ruoankäytön!
frekvenssilomakkella!(FFQ).!Motivaatiota!ja!koettua!pystyvyyttä!arvioitiin!itsemääräämisteoriaan!perustuvien!kyselyiden!avulla.!
Ruokavalio/ohjelman!tavoitteiden!täyttymistä!arvioitiin!vertaamalla!osallistujien!kirjaamien!ruoka/aineannosten!määrää!asetettuihin!
tavoitteisiin.!
!
Tulokset:!Intervention!päätyttyä,!kyselyihin!vastasi!yhteensä!12!osallistujaa!(71%).!Ruokavalio/ohjelman!tavoitteisiin!liittyvien!
ruoka/aineryhmien!käytössä!ei!havaittu!tilastollisesti!merkitseviä!muutoksia.!Marjojen!käyttö!lisääntyi!2,36!kertaa!viikossa!(SD!
4,07,!p=0,049).!Rasvattoman!maidon!käyttö!vähentyi!3,00!kertaa!viikossa!(SD!4,28,!p=0,042).!Myös!maidon!ja!maitoon!
verrattavissa!olevien!juomien!käyttö!kokonaisuudessaan!vähentyi!3,67!kertaa!viikossa!(SD!5,82!p=0,034).!Mobiilisovellusdata!
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!
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Preface 
The DigiFuel project was my passion from the very first moment when we sat down with Maria and 
my supervisors Mikko and Raisa in the autumn of 2015. I wanted to do it all and I’m glad my 
supervisors said no. Carrying out an intervention study from the very beginning to the end on my 
own was not as easy as I had expected. The four weeks of coaching were the fun and easy part. 
Those countless hours with the statistical software, not so much. In addition, somehow I decided I 
wanted to write all this, 89 pages, with nearly 26 000 words, in English. Back then, my ambitions 
had only very little limits. 
 
But it all payed off. The title of this thesis alone has opened me so many doors during the past year. 
Working with athletes became my profession. I got to apply all that knowledge I gained from 
carrying out this study to another set of athletes. And we ended up making pretty great things 
happen. Let’s hope this will be a beginning of a new era for sports nutrition in the field of Finnish 
competitive sports.  
 
I want to thank all my friends and family who were there for me, and apologize that they also had to 
be there while I wanted to make this thesis to be the best thing I’ve ever written. I want to also 
thank my colleagues and all those coaches and sports professionals who provided me valuable 
thoughts on what goes on inside an athletes’ head.  The special thanks goes, without a doubt, to my 
supervisor Mikko Lehtovirta, who dedicated so much of his time to help me to make this just right. 
Thank you. You are truly the best.  
 
It’s now all done. The DigiFuel project has come to an end. Letting go of this thesis has to be one of 
the hardest and the most memorable moments of my academic studies. But it’s now time to step up 
for the next challenge, whatever it may be.  
 
Mari Lahti 
Helsinki, 12.5.2017 
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Abbreviations and definitions 
Android Mobile operating system developed by Google 
CBT Cognitive behavioral theory 
COPE Creating opportunities to personal empowerment 
DHA Docosahexaenoic acid 
E% Percentage of total daily energy intake 
EA Energy availability 
EPA eicosapentaenoic acid 
FFM Fat free mass 
FFQ Food frequency questionnaire 
iOS Mobile operating system created and developed by Apple Inc. 
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RDA Recommended daily allowance 
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SD Standard deviation 
SDT Self-determination theory 
SRQ Self-regulation questionnaire 
SRQ-E Exercise self-regulation questionnaire  
TSRQ Treatment self-regulation questionnaire 
U.S. United States 
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1 Introduction	  
Training and recovery are the two important cornerstones of athletic success. While athletes are 
generally very good at periodizing their training and rest, the importance of good nutrition is often 
dismissed. Beside fueling physical performance, nutrition has an important role in athlete’s overall 
well-being. Optimal nutrition will help the athlete to recover faster, prevent injuries, avoid illness 
and stay focused (1,2). The competition in the field of sports is tough and every advantage counts.  
 
“The winners will, without doubt, be highly talented, highly trained and highly 
motivated. At one time that would have been enough. But these days it is highly 
likely that everyone in the race will have these qualities…….where everyone 
else is equal, it is diet that will make the vital difference.”  
 
A	  quote	  by	  Ron	  Maughan,	  a	  Scottish	  Emeritus	  Professor	  of	  Sports	  and	  Exercise	  Nutrition,	  that	  was	  made	  as	  he	  stood	  at	  
the	  start	  line	  of	  the	  World	  Cross	  Country	  running	  championships	  in	  1995.	  
When communicating with public, the Finnish health officials put much emphasis on nutritional 
issues that are related to obesity and other non-communicable diseases. The public health messages 
address e.g. reducing energy intake and the amount of saturated fat and added sugar (3). Athletes, 
especially those who are engaging in high volumes of endurance-type of training might get 
confused along the way. The athletes may be aware of the general nutrition recommendations and 
guidelines to healthy eating, but if the special nutrition requirements, such as high demand for 
energy and carbohydrates (4), are not addressed properly, athletes may end up executing dietary 
practices that are actually harmful to their performance and well-being.  
The research on Finnish athletes’ dietary intake has been scarce. In addition, the insight into Finnish 
athletes and their coaches level of nutrition knowledge is based only on the observations made on 
the field as no research on this topic exists. It is not known whether the Finnish coaches have the 
knowledge and/or skills to give appropriate nutrition advice to their athletes. Altogether, it is not 
known how relevant the issues related to nutrition are perceived and whether athletes and their 
coaches are even motivated to invest in comprehensive nutrition education. However, the 
competition is tough and the growing body of scientific evidence on performance enhancing 
nutrition and its practical applications, challenges the Finnish field of competitive sports to invest in 
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professional nutrition coaching among young rising athletes, who have the prerequisites to become 
the champions of tomorrow. When it comes to providing nutrition education, telling the athletes 
what to do is not enough. Like in athletic coaching, someone has to guide them through the process 
of learning and execution. In this thesis, new ways to execute professional nutrition coaching are 
explored, as a smart phone application is used to carry out a nutrition intervention among young 
endurance athletes. Also the influence of athletes’ motivation on making dietary changes is 
examined. 
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2 Nutrition in endurance sports 
2.1 Nutrition requirements in endurance sports 
Adequate energy intake is the number one nutritional priority for an athlete (1). The energy 
requirements are determined by the athlete’s current training and body composition. Since both may 
vary widely, it’s hard to establish general recommendations for daily energy intake. To determine 
the adequate energy intake on individual basis, it has recently been proposed that the concept of 
energy availability should be preferred over the calculated energy balance (1,5). Energy availability 
(EA) is defined as dietary energy intake minus exercise expenditure, normalized to fat free mass 
(FFM). EA relates energy intake better with requirements for optimal health, because it is the 
amount of energy available for the body after the cost of exercise. Low EA (<30kcal/kg/FFM/d) 
among athletes has been associated with impairments in several body functions (5). It is suggested 
that adequate EA for optimal health would be around 45kcal/kg/FFM/d (1,5). 
Athletic performance is also affected by the dietary macronutrient composition (1). The availability 
of carbohydrates is critical for performance in sessions exceeding 90 minutes, and also plays an 
important role in the performance of brief high-intensity work (4). Dietary carbohydrates are stored 
in the liver and muscles as glycogen, which can be mobilized during exercise. The repletion of 
muscle glycogen stores can be considered to be the most important factor determining the time 
needed for recovery after endurance-type exercise (2) The adequate post-exercise intake of 
carbohydrates is thereby essential.  
Proteins have important structural and regulatory functions in the muscles and whole body. They 
are in a constant state of metabolic flux with simultaneous synthesis and degradation. Proteins are 
comprised of amino acids, which are stored only in very small amounts in the free amino acid pool. 
The daily dietary protein requirements represent the amount of protein that is required for net 
protein synthesis, amino acid oxidation and the inefficiency inherent in the recycling of amino 
acids. Acute endurance exercise may result in the oxidation of amino acids, especially if the energy 
and/or carbohydrate intake has been inadequate (6). With insufficient protein intake, the increased 
oxidation of amino acids leads to net protein degradation, and if prolonged, to a loss of lean muscle 
mass. While endurance athletes might also take part in strength training, maximizing the muscle 
protein synthesis is essential to support the optimal training adaptations (2). 
As athletes might have multiple training sessions on the same or in consecutive days, consuming 
both carbohydrate and protein after exercise seems to give the most benefit for athletic performance 
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and recovery (2). Muscle glycogen synthesis can be maximized by consuming 1,2g/kg/h of 
carbohydrates after exercise. However, a combined ingestion of smaller amount of carbohydrates 
(0,8g/kg/h) with some protein (0,2-0,4g/kg/h) seems to result in similar muscle glycogen repletion 
rates. In order to inhibit protein breakdown, maximize protein synthesis and allow net muscle 
protein accretion, it is recommended that approximately 20g of protein is consumed during the first 
hours following exercise (2) In addition, to maintain maximal muscle protein synthesis rates 
throughout the day, it is suggested that small amounts of dietary protein should be consumed 5 to 6 
times daily. 
2.2 Nutrition recommendations for endurance athletes 
Previous athletic nutrition recommendations have provided guidelines for macronutrient intake 
expressed as proportion of total energy (E%) (7). These recommendations have suggested that the 
carbohydrate intake of an endurance athlete should be around 65 to 70E%. Specific protein intake 
recommendations for endurance athletes have ranged between 10-20E% (6,8). As the amount of 
protein needed for protein metabolism is mostly determined by the total lean muscle mass, more 
accurate guidelines for daily protein intake can be provided as relative to body mass (g/kg/d) (8,9). 
It has also been argued that the recommendations for carbohydrates should also be provided 
independent of energy intake (4). If carbohydrate recommendations are provided as E%, an athlete 
consuming a high energy diet, will achieve absolute carbohydrate intake beyond individual need. In 
contrary, an athlete with low energy intake can have an adequate carbohydrate intake in terms of 
E%, but the absolute intake of carbohydrates remains insufficient for optimal daily glycogen 
repletion. 
The most recent athletic recommendations by the Academy of Nutrition and Dietetics, Dietitians of 
Canada, and the American College of Sports Medicine are provided independent of total energy 
intake and expressed as g/kg/d (1). According to these recommendations an athlete participating in 
endurance exercise program (e.g. 1-3h/d moderate to high-intensity exercise) should consume 
carbohydrates 6-10g/kg/d. During extremely intensive training periods (e.g. 4-5h/d moderate to 
high-intensity exercise), carbohydrate intakes up to 8-12 g/kg/d might be needed. The 
recommendations provide a rather wide range for optimal protein intake (1,2-2,0g/kg/d) (1). It has 
been suggested elsewhere, that for an athlete who is participating in low to moderate intensity 
endurance-training, intake as low as 1,0g/kg/d would be adequate (6). As for the high performance 
endurance athletes, the maximum benefit is suggested to be achieved with an intake of 1,6g/kg/d. 
According to the athletic recommendations referred to above, the athlete’s total fat intake should be 
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> 20E%, while the intake of saturated fat should be limited to less than 10E% (1). No general 
recommendations in terms of g/kg/d are yet available. Due to the high demand for carbohydrates in 
endurance sports, dietary fat should be considered as a source for essential fatty acids and fat-
soluble vitamins rather than as the primary source for energy.  
There are conflicting opinions on whether routine exercise increases the turnover and loss of 
essential vitamins and minerals from the body. As athletes differ in terms of type, intensity and 
duration of their training, no general recommendations regarding the adequate intake of essential 
micronutrients have been provided. The general consensus seems to be that the proportional 
increase in energy requirements exceeds the proportional need for most nutrients (1). Therefore, 
even if routine exercise would increase the turnover and loss of essential micronutrients from the 
body, the needs can usually be met with consuming a well-balanced diet with adequate energy 
intake.  
2.3. Nutrition recommendations based on healthy eating patterns 
If an athlete is not familiar with the nutrient compositions of different foods, it may be more 
beneficial to provide practical food-based recommendations. Many of the recently published 
national nutrition recommendations have already taken an approach where recommendations are 
presented in terms of different food groups and provided as recommended number of daily servings. 
(10-12). The latest Finnish national nutrition recommendations advice consuming 5-6 servings of 
vegetables, fruits and berries daily (13). For grains the daily recommendation is 9 servings for 
males and 6 servings for females. For other food groups, no specific recommendations regarding 
the daily number of servings have been provided. However, the recommendations do list, what 
foods to prefer and what should be exchanged or limited (Figure 1). 
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Figure	  1.	  The	  Finnish	  national	  nutrition	  recommendations	  (VIITE)	  advice	  adding	  more	  greens,	  seafood,	  nuts	  and	  seeds	  
to	  the	  daily	  diet	  and	  favoring	  whole	  grains,	  vegetable	  oils	  and	  dairy	  with	  less	  fat,	  while	  reducing	  the	  consumption	  of	  
red	  and	  processed	  meats,	  added	  sugar	  and	  salt.	  
The Finnish national nutrition recommendations are much in line with the recommendations by the 
Academy of Nutrition and Dietetics, Dietitians of Canada, and the American College of Sports 
Medicine (1). In those, athletes are advised to consume five or more daily servings of fruits and 
vegetables to provide the essential nutrients and fiber. Use of low-fat dairy products and lean meats, 
fish and poultry is encouraged. Unrefined grains should be favored, as they contain essential 
micronutrients vital to health and performance. Athletes are also advised to consume the maximum 
number of servings appropriate for their needs from carbohydrate-based food groups. Due to the 
high demand for energy and carbohydrates, the Finnish recommendations for vegetables, fruits, 
berries and grains might not be applicable to athletes as they are. The U.S. dietary guidelines, 
however, provide a template where the recommended number of servings for different food groups 
is adjusted according to the daily energy consumption (10). According to the U.S. 
recommendations, a 3000 kcal diet should include 4 servings of vegetables, 2 servings of fruits, 10 
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servings of grains, 3 servings of dairy, 7 servings of foods rich in protein and 44g of oils. When 
applying this template to endurance athletes, some additional modifications may be needed to attain 
the appropriate macronutrient distribution to match the current training. Altogether, 
recommendations expressed as number of food servings should be easier to follow than 
recommendations expressed as grams of carbohydrates, protein and fat. In addition, concentrating 
on preferable foods, instead of tracking only macronutrients, should simultaneously secure the 
adequate intake of essential micronutrients.  
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3 Dietary practices among Finnish endurance athletes 
3.1 Dietary intake of Finnish endurance athletes 
Published research on Finnish endurance athletes’ eating practices is scarce. There have been only 
few studies examining the nutritional status and dietary intake of Finnish endurance athletes 
competing on national and international levels (14-16). As all these studies are from the early 90’s 
and mostly on all-male athletes, they may not reliably reflect current nutritional status of Finnish 
endurance athletes anymore. In the literature search a number of more recent, small scale studies, 
mainly on national level endurance athletes were found. However, many of these studies, mostly 
bachelor thesis, had methodological limitations regarding the methods used to collect and analyze 
the subjects’ food intake and had to be rejected. The Finnish endurance athletes’ food intake has 
been studied either during training (14,16-18) or competitive season (19). In one study, the food 
intake was studied during different training periods and food records were collected every three 
months: during conditioning, pre-competition, competition and off-period (15). 
The mean energy intake of the athletes varied between 2990-4620 kcal/d for male and 2042-3130 
kcal/d for female athletes (14-19), respectively. The EI was estimated to be adequate among male 
(14-16,19), but not among female endurance athletes (17-19). One study reported low energy 
intakes among female athletes during the conditioning period only (15). Only one study reported 
athletes EA, in which it was low among female athletes (32,7+/- 10,4 kcal/kg/d (17). One study 
reported the energy intake in relation to body weight (33+/-7 kcal/kg/d) (18). As EA is defined as 
dietary energy intake minus energy expenditure, normalized to fat free mass, it can be assumed that 
the EA of the athletes in that study fell well below 30kcal/kg/d.  
The observed low energy intakes may partly be due to methodological issues, such as 
underreporting food intake and overestimating energy expenditure. Yet, these results, especially 
among females, should not be undermined. It is also worth mentioning, that in a study that also 
examined athletes’ aerobic performance, no improvements were observed during pre-competition 
season (17). Three subjects who suffered an injury during the study period all had an EA below 
30kcal/kg/d. Also low estrogen and high cortisol and SHBG levels were observed. The author 
concluded that all these issues may be related to low EA and suboptimal nutrition.  
In the Finnish studies, carbohydrate intake ranged between 4,7-9,2g/kg (15-19). Only in three 
studies carbohydrate intakes was adequate with regard to the recommended 6-10 g/kg (15,16,19). 
The seasonal variation for carbohydrate intake was 6,0-9,2 g/kg for males and 6,1-7,7 g/kg for 
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females, respectively (15). In only one study, during the training season, the male athletes had a 
carbohydrate intake within the recommended range of 8-12 g/kg/d (15). In four out of the five 
studies, where protein intake was reported, the athletes’ protein intake exceeded the recommended 
1,6g/kg (15,17-19). The more recent studies (17-19) report somewhat higher protein intakes, 
compared to the earlier studies (15,16). During the past years, the importance of sufficient protein 
intake has been somewhat overrepresented in the media, and the marketing of protein enriched food 
products has been distinctive. It is tempting to speculate, whether this recent trending of high 
protein foods has affected the eating habits of Finnish endurance athletes. More specifically, in the 
absence of professional nutrition guidance, athletes may be encouraged to consume protein beyond 
their physiological needs, while undermining the importance of carbohydrates. In the referred 
studies, the total fat intake was 28-31E% (15-19). Intake of saturated fat was reported separately 
only in one study, in which it exceeded the recommended 10E% (17). 
The results from the studies on Finnish endurance athletes are much in line with the results from 
studies conducted in other Western countries. These studies have reported low energy intakes 
(Hinton, Shiver), low carbohydrate intakes (20-24), high total fat intakes (20,21,23) and high 
saturated fat intakes (20-24). Both low (21,22,24) and high (20,23,24) protein intakes have been 
reported. Considering the endurance athletes’ high demand for carbohydrates, especially during 
hard periods of training, Finnish endurance athletes would most likely benefit from reducing their 
total fat, saturated fat and protein intake, while increasing their total energy intake by consuming 
more carbohydrates. 
In addition, it seems that the diet composition of Finnish elite level athletes (15) is better in line 
with the recommendations, compared to athletes competing on national level (17,18). Similar 
results to the study on Finnish elite level athletes (15) are obtained from the studies on elite 
Japanese middle- and long-distance runners (25), elite Kenyan (26) and elite Ethiopian (27) long 
distance runners. In these studies, the reported carbohydrate intake was 6,2-10,4 g/kg. Like Finnish 
elite athletes, the Japanese athletes also had somewhat excessive protein and fat intake (25), in 
contrary to the Kenyan and Ethiopian athletes, whose dietary intake reflects remarkably well the 
macronutrient recommendations for endurance athletes (26,27).  
In most studies, the intakes of vitamins and minerals of male athletes have been well above general 
recommendations (14-16,19). The studies have reported micronutrient intakes >150% of the RDA 
for males (15,16) and >120% for females (15). One study estimated, that the prevalence of vitamin 
and mineral deficiencies among male power and endurance athletes is only 0-3% (16). Some studies 
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have reported inadequate vitamin D, vitamin A and folate intakes among Finnish female endurance 
athletes (18,19), while others have not (15). Studies on athletes from other Western countries have 
reported inadequate intakes of vitamins and minerals among females, but not among males (20,24). 
The results suggest that vitamin and mineral deficiencies are rather rare among Finnish male 
athletes, while female athletes may be, to some degree, susceptible to inadequate micronutrient 
intakes. 
3.2 Supplementation use among Finnish athletes 
The use of nutritional supplements is rather common among Finnish high-performance athletes 
(16,28,29). A national survey among Finnish elite athletes reported, that in 2002, 81% and in 2009, 
73% of the athletes had used some sort of nutritional supplements during the past 12 months (28). 
In the 2009 survey, the most popular supplements were multivitamin (45%) and vitamin C (21,2%) 
and vitamin B (4,6%) (28). The most common minerals were magnesium (17,2%), iron (11,8%), 
calcium (5,9%) and zinc (3,2%), respectively. The use of multivitamin, vitamin B, vitamin C, iron 
calcium and zinc had decreased as compared to the year 2002. The use of magnesium and vitamin 
D had slightly increased. In a more recent study from 2014, including both elite and national level 
athletes, the prevalence of supplement use was found to be somewhat higher (82,8%) (29). The 
most commonly used vitamins in 2014 were multivitamin (24,2%), vitamin D (19,2%), vitamin C 
(13,5%) and vitamin B (5,7%) and the most commonly used minerals were magnesium (18,5%), 
zinc (8,9%), iron (3,1%) and calcium (3,0%), respectively. The results from the three surveys 
suggest that the use of multivitamin, vitamin C, iron and calcium supplementation among athletes 
has decreased. On the other hand, the use of vitamin D, magnesium, vitamin B and zinc seems to 
have increased. 
In 2002, 60% and in 2009, 52% of elite level athletes reported taking nutritional supplements other 
than vitamins or minerals (28) In 2009, the most commonly used supplements were protein 
supplements (38,4%), omega-3 fatty acids (19,1%), carbohydrate supplements (15,6%), creatine 
(8,1%), amino acids (7,3%) and herbal supplements (5,6%). The use of carbohydrate and protein 
supplements, together with creatine and herbal supplements, had decreased, while the use of amino 
acids and omega-3 fatty acids had increased from the year 2002. In 2014, 42,4% of athletes reported 
using supplements classified as sports supplements including amino acids (26%), recovery 
supplements (17,3%) protein (16,4%), creatine (10,0%), sports drinks (8,1%), fatty acids (5,6%) 
and bars and gels (5,2%) (29). The classification of the supplements in the survey of 2014 (29) was 
slightly different from the surveys of 2002 and 2009 (28). However, it seems that the use of fatty 
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acids has reduced, while the use of specific amino acid supplements has increased. It can be 
interpreted, that the use of different protein and carbohydrate supplements to support training and 
recovery has diversified.  
It was suggested already in the 90’s that the widespread use of vitamin and mineral supplements 
among athletes seems to be unnecessary as vitamin and mineral deficiencies are uncommon among 
Finnish endurance athletes (14-16,19). Yet in 2009, 64% of all the athletes using vitamin or mineral 
supplements explained their use by saying that they were taking supplement to prevent nutrition 
deficiencies (28). As the debate on the appropriate recommendation for the vitamin D is still under 
discussion (30), recommending vitamin D supplementation to the whole Finnish athletic population 
might be justified, especially during winter time, when the natural vitamin D synthesis is blunted 
(31). The high prevalence and increased use of other vitamin and mineral supplements, such as 
multivitamin, vitamin C and magnesium, should, however, be addressed properly.  
There seems to be only very little knowledge on whether regular use of supplements is in any way 
related to succeeding in competitions (29). In fact, a study among athletes from Norwegian national 
teams reported that the prevalence of supplementation use was lower among the top female athletes, 
but not among the top male athletes as compared to the less successful elite athletes (32). The 
excessive use of minerals and vitamins may even be disadvantageous. For instance, athletes might 
use antioxidants, such as vitamin C and E, to support recovery, as these compounds have shown to 
reduce exercise induced oxidative stress (33). However, it has been recently suggested that, instead 
of being beneficial to performance, high doses of antioxidants actually interfere unfavorably with 
the performance-enhancing training adaptations (34). Athletes seem also very keen on using 
magnesium as an ergogenic aid. While some athletes might find it useful in preventing and treating 
muscle cramps, there is no clear evidence that additional magnesium supplementation would 
improve athletic performance (35).  
As carbohydrate supplementation during prolonged physical activity has been shown to enhance 
athletic performance (36), using sports drinks and gels during long training sessions and 
competitive events is recommended (1). Carbohydrate and protein supplements can also be of help 
to support adequate intakes during high volume training periods and during pre-competition 
carbohydrate loading. However, these supplements should not be considered superior to following a 
well-balanced diet. In terms of other supplements, to this date, creatine, caffeine and sodium 
bicarbonate seem to be the only ergogenic aids that are considered to have potential ergogenic 
effects (1). As professionals are very cautious on giving any general recommendations regarding 
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these performance enhancing supplements, athletes are advised to turn to a trained nutritionist for 
individual counseling. 
In general, athletes clearly need more education on the use of nutritional supplements. It is not clear 
from where the Finnish athletes are gaining their information on nutritional supplements and 
whether these supplements are recommended by a trained nutrition specialist (29) Among 
Norwegian elite athletes almost one tenth did not know, whether the nutritional supplements they 
used were classified as doping or not (32). In studies from other countries, athletes have named the 
coach as the main advisor for supplementation (32,37). The athletes themselves may not fully 
understand the true benefits and defects of the supplements they’re using or the effects of using 
multiple supplements simultaneously (38). Instead of athletes taking supplements “just to be safe” 
the need for supplementation should be evaluated individually by a trained nutritionist. 
3.3 Sports nutrition services among Finnish athletes 
Poor dietary practices among Finnish athletes may be explained by the findings from the national 
survey conducted in 2009 (28). The survey revealed that only 27% of elite level athletes, supported 
by the national Olympics committee, had had an opportunity to consult a dietary specialist during 
the ongoing year. In addition, only 1% of the athletes had had the opportunity to visit a specialist 
regularly. A more recent survey, conducted in 2013, among supported elite athletes from Jyväskylä 
region, revealed that nearly half of the athletes had never used professional nutrition services (39). 
Only one of the 13 athletes reported using services 1-6 times/year, while the rest of the athletes 
reported that they had used them less frequently than once a year. Respondents were mostly 
endurance athletes. It may be assumed that the availability and utilization of professional nutrition 
services among lower level athletes is even more limited. 
In a report by KIHU, the Finnish Research Institute for Olympic sports, nutrition services are 
categorized as one-off consultation services or services that are needed only few times a year (39). 
In regards to the recent studies on dietary status of Finnish athletes, it seems that the need for 
nutrition services is not recognized properly in the field of competitive sports. According to KIHU, 
all expertise services should be provided to all supported athletes free of charge. It is unclear, 
whether the low use of professional nutrition services is due to the limited accessibility or whether 
the athletes are simply unaware of the possibility to visit a trained nutritionist. It is also unclear 
from where the athletes are gaining their knowledge on nutrition, and whether their current dietary 
practices are evaluated by someone else. It may be, that the athletes do not feel the need to consult a 
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specialist as they are satisfied with their current dietary practices or as they are getting the help they 
need from someone else (e.g. their coach). 
3.4 Is nutrition the missing key to success? 
It has been suggested that besides genetic and environmental factors, an explanation for the success 
of numerous middle- and long distance runners form eastern parts of Africa, like those belonging to 
the Kenyan Kalenji Tribe, could reside in their unique dietary practices. In a recent study, 
conducted on a group of elite runners, the average intakes of carbohydrate, protein and fat were 
76,5E% (10,4 g/kg), 10,1E% (1,3g/kg) and 13,4E%, respectively (26). A study on Ethiopian elite 
long distance runners showed similar results with macronutrient intakes of 64,3E% (9,7g/kg) for 
carbohydrates, 12,4E% (1,8g/kg) for protein and 23,3E% for fat (27). To determine whether there is 
an actual causal relationship between diet and athletic success, prospective studies and randomized 
controlled trials are needed. From the cross-sectional studies, it can be only concluded, that the 
Ethiopian and Kenyan runners’ diets comply better with the recommendations compared to the 
Western endurance athletes.  
In both studies, nearly 90% of daily energy intake was derived from vegetable sources (26,27). 
Consumption of meat and other animal products was very low. The near optimal diet composition 
observed in these studies may be explained by the local food culture. The availability of high-fat, 
high-protein foods, a fundamental part of the typical industrialized western diet, is often limited. It 
may well be that following an optimal diet in industrialized environment requires more effort and 
knowledge as compared to non-industrialized countries, where the typical diet relies much on 
vegetable sources and is therefore naturally rich in carbohydrates and lower in protein and fat. 
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4 Nutrition knowledge among athletes 
4.1. Level of nutrition knowledge among Finnish athletes 
Having an appropriate level of nutrition knowledge is essential for an athlete to execute dietary 
practices that support athletic performance, recovery and health. To this date, there has been no 
published studies on the level of Finnish athletes’ nutrition knowledge. It is also unclear what is the 
level of nutrition knowledge among Finnish athletic coaches. A validation study of a Finnish 
nutrition knowledge questionnaire for young endurance athletes and their coaches has been 
submitted (40). Until gaining an insight on the level of nutrition knowledge among Finnish athletes 
and their coaches, results from the studies conducted elsewhere must be applied. According to a 
recent systematic review it is suggested that general nutrition knowledge of female athletes may be 
higher as compared to males, and also higher among elite level athletes and among those who have 
a tertiary education (41). It has also been suggested that the coaches’ nutrition knowledge is better 
than the athletes’ (42).  
4.1 The association between athletes’ nutrition knowledge and diet quality 
Providing information on optimal nutrition in the form of occasional nutrition lectures seems to be a 
common procedure in the Finnish field of competitive sports. Participating on these lectures is 
presumably believed to improve the athletes’ nutrition knowledge, and ultimately, their eating 
habits. However, the level of athlete’s nutrition knowledge seems to be a rather poor indicator of 
the actual dietary intake. Although, the results from studies examining the association between 
these two are inconsistent. Some studies (43-46) have found a positive association between athletes’ 
nutrition knowledge and diet quality, while other studies (47-50) have failed to do so.  
One study demonstrated a positive correlation between nutrition knowledge and diet quality, when 
a diet quality score was created based on the dietary nutrient density of five nutrients (vitamin A, 
vitamin C, thiamine, iron, and calcium) (43). In another study, higher nutrition knowledge was 
associated only with greater consumption of fruits and vegetables (45). In two out of four studies 
reporting a positive association, the athletes’ diet quality was determined using a self-administered 
questionnaire on nutritional practices (46,48). In the study of Floasire et al., over half of the athletes 
had both good nutrition knowledge and good nutritional practices, but only a weak correlation 
between nutrition practice score and energy intake was observed (46). Moreover, the results of that 
study showed high prevalence of inadequate intake of vitamins and minerals among those athletes 
who were determined to have both good nutrition knowledge and nutrition practices. It seems, that 
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even if the athletes’ nutrition knowledge would be associated with better self-reported dietary 
practices, neither of these is necessarily a good indicator of the actual diet quality.  
In those studies, where nutrition knowledge was not associated with dietary intake, the athletes 
tended to be younger or all-female (47-50). In a study, where positive association was found, 
younger high-school athletes had both lower knowledge and lower diet quality as compared to 
collegiate athletes (43). It has been suggested, that age, gender and education may affect, how 
athletes’ nutrition knowledge is translated into practice, with female and younger athletes being 
more susceptible for not applying the nutrition knowledge they hold (41).  
Besides studies showing poor correlation between athletes’ level of nutrition knowledge and diet 
quality, it seems that improving athletes’ nutrition knowledge alone is not enough to improve their 
diet quality. The results from the interventions aiming to improve athletes’ dietary practices through 
improving their nutrition knowledge have been rather disappointing. While athletes’ nutrition 
knowledge has improved, the dietary intakes of macro- and micronutrients have remained 
unchanged (51.) or the changes have been only minor, leaving the athletes’ diet on a rather poor 
level (52,53).   
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5 Providing nutrition education for athletes 
5.1 Nutrition intervention among athletes 
The study designs used for interventions aiming to improve athletes’ dietary practices are diverse. 
In some studies, the nutrition education has relied only on a single education session (51-53), while 
others have provided more continuous education (54-58). Besides providing information on good 
nutrition and preferable dietary practices, some education programs have also included in-class 
activities and homework to put the content into practice, while using specific behavioral theories as 
the conceptual framework (54,58). Continuous individual counseling has also been provided (55-
57). In all of the studies, where athletes’ nutrition knowledge was measured, a significant 
improvement was observed (51,53-58). 
The interventions providing only a single education session, have been rather unsuccessful in 
improving athletes’ diet quality. In a study, providing a nutrition education session together with 
supplementary materials, athletes’ diet quality was not improved, as were there no significant 
changes in athletes’ energy, macro- or micronutrient intakes (51). In a more recent study, a nutrition 
education session significantly increased the athletes’ total energy and macronutrient intakes. 
However, the athletes’ energy intake remained below the calculated mean expenditure, while the 
intake of many nutrients remained inadequate. In another study, half-a-day nutrition workshop, 
including a supermarket tour on how to read food labels, was provided (53). The study reported 
increased adherence to the dietary guidelines of the Mediterranean diet. However, when the overall 
dietary index score was broken down, the only statistically significant change was a reduction in 
consumption of sweets. And yet after the intervention, over a third of the athletes still reported 
eating candy several times a day. In all of the three studies, it was suggested that for achieving more 
significant improvements in diet quality, athletes should be provided more continuous nutrition 
education (51-53). 
The literature search for studies on continuous nutrition education programs for athletes revealed 
that the research on this topic has been rather sparse. Only few published studies were found. In 
these studies, the length of the intervention varied from 8 weeks up to 8 months (54-58). The total 
number of councelling session varied between four (57) and ten (58). The sessions were arranged 
either weekly, (55,56,58), monthly (57.) or 45-60 days apart (55). 
The two studies providing education in groups, were based on specific behavioral theories (54,58). 
In the study of Abood et al., the education program was designed to emphasize self-efficacy and 
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using the Social Cognitive Theory (SCT) as the conceptual framework (54). Besides providing 
athletes information on nutrition, in-class activities such as calculating one’s energy requirements 
and observing athletes’ positive dietary behavior were included. During the intervention, athletes 
were also encouraged to tailor and apply the information learned. In the study of Buffinton et al., a 
specific cognitive behavioral therapy (CBT) based COPE (creating opportunities to personal 
empowerment) program was applied together with the nutrition education (58). The participants 
were taught problem solving and coping skills during separate sessions. The program also included 
skills building activities to be accomplished between the weekly sessions. 
The remaining studies provided multiple one-on-one counseling sessions where athletes were given 
personalized dietary advice according to their current dietary intake and training (55-57). In one of 
the interventions nutrition counseling was combined with co-active life coaching sessions (55), 
while another intervention provided an additional social network group where tips and recipes were 
shared (57).  
The results from the interventions providing continuous nutrition education are inconsistent. The 
combination of the COPE program and nutrition education significantly increased athletes’ 
carbohydrate intake from 47E% to 57E%, while their intake of total fat and saturated fat was 
significantly reduced from 34E% to 25E% and from 10,3E% to 7,6E%, respectively (58). The 
intervention did not only improve athletes’ diet quality, but also lowered athletes’ stress levels and 
improved their body composition, as a significant favorable reduction in body fat was observed. In 
the study of Abood et al., a significant improvement in athletes’ self-efficacy was observed while 
the authors reported a significant overall difference in the number of positive dietary changes 
compared to the control group (54). However, when the results were examined more carefully, it 
revealed that among the intervention group there were no significant improvements in energy or 
nutrient intake, while among the control group a significant decrease in carbohydrate and fiber 
intake was observed. 
Two of the three studies providing individualized nutrition counseling reported significant 
improvements in athletes’ dietary intake (55,57). In the study of Valliant et al. the total energy and 
macronutrient intakes were significantly improved, but remained inadequate among majority of the 
athletes (55). In the study of Nascimento et al. there was a significant decrease in the ingestion of 
meat, eggs, fats, oils and sweets among the high consumers, while the consumption of fruits, 
vegetables, legumes and dairy was significantly increased among the low consumers (57). The 
athletes also improved their meal frequency by increasing the number of daily meals and improving 
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their timing of the pre- and post-exercise meals. The dietary improvements were reported to be 
greater among adolescents compared to adults. In addition, there was a trend for increased lean 
body mass among the adolescent athletes. In the study of Beggs et al., no improvements in athletes’ 
dietary intake were observed, despite the highly intensive intervention of 8-weekly nutrition 
counseling sessions together with separate weekly life coaching sessions (56). 
It seems that providing individualized nutrition coaching is not necessarily superior to well-
designed group education programs (58). In addition, providing nutrition education in groups is 
more cost-effective as compared to achieving dietary changes of a same magnitude through 
individualized counseling. One thing that separated the intervention of Buffinton et al. from the 
others was the integration of the specific CBT program (58). In the study of Abood et al. the SCT 
was used only as a framework when planning the education program (54), while in the study of 
Beggs et al. the additional life-coaching sessions had no specific theoretical framework (56). In the 
light of these results, different behavioral theories should be explored more carefully when 
designing a nutrition intervention for athletes.  
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6 Self-Determination Theory  
One of the theories applied to behavioral change is the Self-Determination Theory (SDT) developed 
by Deci and Ryan (59-61). Self-Determination Theory is a theory of motivation, highlighting the 
role of individual’s basic psychological needs of autonomy (feeling of being the origin of one’s 
behavior), competence (feeling effective and capable) and relatedness (feeling understood and cared 
by others). A person who’s three basic needs are satisfied can be considered as self-determined.  
According to SDT, people can be either proactive and engaged or, alternatively, passive and 
alienated, largely due to the social conditions in which they develop and function (59,61). An 
environment where the three basic psychological needs can be satisfied will yield enhanced self-
motivation and mental health, while an environment where the needs are thwarted, will lead to 
diminished motivation and well-being. Self-determination theory defines the motivation for 
changing and maintaining certain behavior to be either external or internal. Instead of making a 
strict division between these two, several distinct types of motivation forming a continuum from 
amotivation, to passive compliance, to active personal commitment have been identified (Figure 2). 
Figure	  2.	  The	  self-­‐determination	  continuum.	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carried out, however, are not intrinsically motivated, as people are not acting only because of the 
pure enjoyment that the behavior itself brings (60). The motivation for these behaviors is extrinsic, 
but can be either controlled or autonomous depending on the source of the motivation. The different 
types of extrinsic motivation reflect differing degrees to witch the values and regulation of certain 
behavior have been integrated and internalized. In external regulation a person acts to get an 
external reward, avoid punishment or to comply with social pressures. In introjected regulation a 
person acts to receive approval or praise, or to avoid disapproval or feelings of quilt. In both, the 
source of motivation is ultimately external. The motivation is considered as controlled and the 
behavior as non-self-determined.  
Extrinsic motivation can be considered autonomous when a person accepts the value or regulation 
associated with the behavior and personally endorses its importance (internalization) (60). In 
identified regulation the goal or regulation of the behavior is consciously valued and the behavior is 
accepted as personally important. A Further transformation of the value or regulation into one’s 
own is called integration. Integrated regulation is the most autonomous form of extrinsic 
motivation. The goals of the behavior are in line with the personal needs, and the value and 
regulation of the behavior is fully assimilated with self. Integrated motivation has many similarities 
with intrinsic motivation, but is defined as extrinsic because it involves goals or reasons that are 
ultimately of an extrinsic origin. A person who is extrinsically motivated can be self-determined, as 
long as the motivation is autonomous and the needs for competence and relatedness are satisfied. 
6.1 Applying Self-determination theory to athletes’ nutrition coaching 
Self-Determination Theory has been successfully applied to athletes and athletic coaching (62-66). 
Sports participation in general is considered to be intrinsically motivated, but for an athlete it also 
provides an environment where pressures, expectations, performance goals and rewards exist (67). 
External rewards, such as winning a competition, are generally associated with controlled 
motivation and therefore considered as undermining self-determination. However, the pride and joy 
that an athlete feels when mastering his or her behavior can be seen rather as an internal reward. If 
an athlete personally values the goals of his or her behavior, while being internally driven, the 
sports participation can be associated with more intrinsic forms of motivation (62,66). As winning 
also tends to strengthen the feeling of competence and autonomy, an athlete can be considered self-
determined even if the source of motivation would ultimately be external (66). Being a successful 
athlete can be regarded as a lifestyle rather than carrying out certain goal-oriented behaviors (62). 
Besides being internally motivated, training in an environment where the three basic needs can be 
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satisfied is essential.  
As the coach plays a major role in shaping the athletes’ psychological experience of sports 
participation, many of the coaches’ behaviors influence athletes’ motivation and well-being (68). It 
has also been shown that perceived competence, autonomy and relatedness mediate the relationship 
between behaviors of the coach and the athletes’ motivation. (63). Athletes who perceive their 
coaches to be autonomy supportive are found to be more self-determined (65). Coaching behaviors, 
such as favoring democratic coaching style instead of authoritarian and providing positive feedback 
increase the athletes’ intrinsic motivation and well-being. On the other hand, the coaches’ behaviors 
can also have negative effects on athletes’ well-being (64). Putting too much pressure or control 
over the athletes has the potential to thwart athletes’ feelings of autonomy, competence and 
relatedness. This can undermine the athletes’ self-determined motivation and may have a variety of 
consequences such as chronic stress, overtraining, burnout and ultimately lead to quitting 
(64,65,68).  
To my knowledge, SDT has not yet been studied in relation to athletes’ nutrition coaching. 
However, it has been successfully applied in health care to facilitate health related behavior change 
(69,70) and in changing dietary behavior on other populations (71-73). These interventions have, 
however, aimed to improve participants’ health while highlighting the concepts of healthy eating. 
Athletes’ motivation for changing dietary behavior may be more related to their athletic success 
than to health. This is a topic that to our knowledge has not been studied among athletes.  
Maintenance of new behavior, such as a certain diet, requires that one eventually internalizes the 
new values and skills as well as experiences self-determination (69,70). Controlled regulation rarely 
leads to long term adherence. Therefore, a shift from amotivation and controlled regulation towards 
more autonomous types of motivation is an important process in achieving long term behavioral 
change. It may be speculated, that when trying to affect athletes’ dietary behavior, the athlete has to 
first acknowledge the importance of nutrition in athletic performance and then have the motivation 
to change his or her current behavior. The motivation may be controlled at first, but through 
internalization and integration the athlete can come to value the behavior, be internally motivated 
and experience self-determination.  
Besides being internally motivated a person needs to feel competent and accepted by his or her 
peers (69). Therefore, when providing nutrition education for athletes, the nutrition advice given 
should be practical and easy to follow. The athletes should also be provided positive reinforcement 
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on their performance throughout the intervention. It may be speculated, that observing 
improvements in performance, achieved through improved nutrition, also further facilitates the 
long-term behavioral change. 
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7 Utilizing mobile technologies in athletes’ nutrition coaching 
7.1 Mobile technologies in health promotion  
The growing number of mobile devices together with shifting of the healthcare model to a more 
patient-centric design has led to the emergence of new mobile health (mHealth) technologies (74). 
These new technologies, including smartphone applications, provide opportunities to increase 
patient engagement, improve outcomes and reduce healthcare costs. Smartphone applications 
enable creating a closed loop that involves 1) patient- or practitioner- derived mHealth data, 2) 
internet-based data transfer interpreted by patients, by practitioners or with automated algorithms 
and 3) the return of the data back to patients and providers for clinical decisions.  
The use of mHealth has been shown to be efficient when patients understand electronic 
technologies (74). In 2016, 72% of the Finnish population owned a smartphone (75). Among 16-34 
year-olds, over 70% was using internet with a mobile phone outside their home weekly, nearly 40% 
had used a smart phone application to track their physical activity, while 80% had searched the 
internet to find nutrition and health related information. The everyday use of smart phones 
combined with growing interest in measuring health related parameters creates an opportunity to 
develop and successfully apply mHealth smartphone applications to technology oriented 
adolescents and young adults. These new applications may be applied to athletes as well.  
7.2 Mobile technologies in athletes’ dietary assessment  
Many sports nutrition professionals are already utilizing new technologies. In a survey conducted 
among sports dietitians, nearly one-third of the respondents had used mobile diet applications in 
their sports nutrition practices (76).  The applications were regarded useful for assessing and 
tracking dietary intake of athletes. The majority of respondents viewed them better than or as good 
as traditional dietary assessment methods. However, most of the commercial applications used by 
athletes are lacking scientific validation, both among general and athletic populations (76,77). 
Moreover, there seems to be no commercially available applications specifically designed for sports 
nutrition (76.). 
7.2.1 Image assisted food record 
Image-assisted food record is one of the new technologies for dietary assessment, where meal 
photographs are used to enhance or supplement a traditional text-based food record. This method 
requires a device, such as a smart phone, with a digital camera and a suitable mobile application for 
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creating and storing a food record, which can be then analyzed by a trained nutritionist. Image-
assisted dietary assessment methods have showed good validity and reliability, when compared 
with traditional methods (78,79). Images can also enhance self-reported data by disclosing 
unreported foods and misreporting errors (80). Usability studies have indicated that especially 
adolescents and young adults prefer using new technologies over traditional methods (79,81,82) 
Certain dietary components, including hidden ingredients and cooking methods that affect energy 
and nutrition composition can’t be, however, determined with image analysis alone. Therefore, 
images must be supported by additional dietary information to achieve optimal accuracy (81,83).  
7.3. Mobile applications and changing dietary behavior 
Besides tracking dietary intake, mobile applications can also be used to promote healthy eating 
behavior. Interventions promoting healthy lifestyle and weight reduction among other populations 
show promising results, especially in terms of adherence and feasibility (79,84-86). The 
interventions implemented through mobile applications are also regarded as more cost-effective as 
compared to traditional interventions.  
There are numerous commercially available applications to monitor and change dietary behavior. 
However, practically all of these applications are lacking the scientific validation, especially in 
terms of the elements and features that are built to support behavioral change (87,88). Despite this 
lack of validation, some general guidelines regarding the elements and features included in this type 
of applications have been established (77). First, the technology itself should not create a barrier to 
creating healthy habits. The user burden should be minimized to implement and maintain the 
interactions with the technology and to create and sustain healthy behavior. Second, the technology 
should enable an integrated access to nutrition expertise, guidance and information. The 
information provided to the end-user should be meaningful, tailored and incorporate evidence-based 
health recommendations. Third, the information provided should also be periodically updated based 
on data collected from the user. The technology should provide automated reports and personalized 
messages that help reaching personalized goals. Thus, a comprehensive understanding of optimal 
frequency, timing and tone of feedback has been identified as a current research gap (77,88) 
7.4 MealLoggerTM  
MealLoggerTM is a Finnish-American smartphone application, an image-assisted food record 
software, that allows users to upload photographs, use written descriptions and log servings of 
different food groups. The application also enables logging sleep duration, daily steps and weight. 
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The user data is stored in cloud environment and it can be accessed both through mobile devices 
and computers. Access to data can be provided as well as to other users as to professionals. Other 
users are also able to interact with the shared content. Connecting the user with a professional 
enables additional one-on-one messaging between the two parties.  
The MealLoggerTM application provides a feature for creating customized nutrition programs based 
on daily goals for different food groups. The food groups available are water, grains, starchy 
vegetables, non-starchy vegetables, fruits, nuts and seeds, legumes, dairy products, meat, seafood, 
poultry, fats, sugars and supplements. Nutrition programs can be created by setting goals by 
defining a range for daily servings of chosen food groups. The user then estimates and logs the 
number of food servings alongside his or her meals. The overall nutrition program adherence can be 
tracked on daily, weekly and monthly basis. With all these features, the application enables a closed 
loop between the user and the professional, as described by Bhavnani et al. (74). Many of the 
elements and features of MealLoggerTM are also in line with the guidelines proposed by Teyhen et 
al. (77) and with the constructs of the SDT (69,70). Using MealLoggerTM in a nutrition intervention 
may result in better adherence and changes in dietary behavior compared to traditional nutrition 
interventions.  
Using the earlier version of MealLoggerTM,, it has been found that the eating behavior of Finnish 
adolescent athletes could be influenced using gamification, as the participants were rewarded on 
preferable food choices (89). However, the author concluded that while MealLoggerTM can provide 
a novel and intriguing way to improve the diets of young athletes, a use of tutorial group meetings 
could be combined to the gamified intervention to increase the participants’ inner motivation and to 
get a chance to justify the objectives of the intervention. 
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8 New ways to provide nutrition coaching for young Finnish athletes 
The results from the studies on Finnish athletes’ dietary practices, especially among younger 
athletes competing on lower levels, are alarming. Observed shortcomings in dietary practices, 
including low intake of energy and carbohydrates and high prevalence of supplementation use 
highlight the importance of increasing nutrition education and utilization of professional sports 
nutrition services among Finnish field of competitive sports.   
The role of optimal nutrition should be properly addressed already at young age. Besides optimal 
performance, optimal nutrition has also an important role in normal development, injury prevention 
and overall wellbeing (90,91). Providing athletes comprehensive nutrition education while they are 
yet on their way to become elite enables the athletes to reach their full potential. The results from 
nutrition intervention studies on athletes suggest that for permanent and more measurable dietary 
changes, more continuous nutrition education is needed (51-58). While it is also suggested that the 
younger athletes have more difficulties translating their knowledge into practice, they may need 
more individualized and practical nutrition education.  
Providing a large group of athletes individual counselling is, however, both time consuming and 
expensive. In addition, with regards to the studies, it seems that individualized counselling is not 
necessarily superior to providing nutrition education in groups. Lack of time may partially explain 
why even the most intensive nutrition education programs have resulted in only moderate changes 
in athletes’ dietary behavior. This was suggested also by a study where only 50% of the participants 
finished their last consultation, while reporting difficulties to make time for the one-on-one sessions 
(57). Therefore, new ways of providing individualized nutrition education programs should be 
explored.  
Smartphone applications can provide a cost-effective way to provide individualized nutrition 
education for young athletes (89). Yet, these interventions should be planed and implemented taken 
into account the special needs of the athletic population. Specific behavioral theories and successful 
behavioral changing techniques should also be explored to increase the adherence and effectiveness 
of the interventions that are applied on athletes through mobile applications.  
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9 Aims of the study  
The aim of this study was to examine, if eating habits of young endurance athletes can be 
influenced by a nutrition intervention carried out by using a mobile application (MealLoggerTM) 
with an inbuilt nutrition program including daily goals for chosen food groups. We also examined, 
whether the motivation towards sports and nutrition and the perceived competence for following a 
certain diet are related to athletes’ adherence to the nutrition program and to the measured changes 
in food intake. The secondary aim of the study was to examine, how accurately the athletes were 
able to classify their food in to different food groups and to estimate their serving sizes when using 
the mobile application.  
The research questions for this study were: 
1.   Can the food consumption of young endurance athletes be influenced using a mobile application 
with an inbuilt nutrition program? 
2.   How do the athletes’ motivation for following a certain diet and their perceived competence 
relate to how well the nutrition goals of the implemented nutrition program are achieved? 
3.   To what degree do the athletes’ estimations of the serving size and food group classification 
correspond with those provided by a nutritionist? 
This study constituted a part of the doctoral thesis of MSc Maria Heikkilä, who studies the 
nutritional knowledge and skills of young endurance athletes and their coaches. Results of this pilot 
study are utilized in the first part of the doctoral thesis to help to design and implement a nutrition 
intervention that is carried out using the mobile application MealLoggerTM.  
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10 Participants and methods 
10.1 Participants 
The participants were recruited mainly through Capital District Sports Academy (Urhea). An open 
invitation targeted for young endurance athletes was shared on academy’s website. The invitation 
was also shared to athletic coaches and other sports professionals. The sports included were track 
and field, orienteering, swimming, triathlon, cycling and skating. The inclusion criteria were: being 
classified as a competitive individual endurance athlete, having at least 16 years of age, having a 
smartphone with Android or Apple iOS operating system and having no former diagnosis of an 
eating disorder.  
All of the participants received a written handout of the study design before signing up. At the 
beginning of the intervention, all participants were also given an oral presentation describing the 
course of the study. The study protocol was approved by the University of Helsinki review board in 
the humanities and social and behavioral sciences in May 2016. All of the participants agreed to 
participate in the study and signed the informed consent. The participants were not exposed to 
invasive measurements and no supplements or drugs were offered to them during the study.  
Altogether 23 athletes signed up for the study trough a web-based electronic form. One participant 
had to be excluded due to a formerly diagnosed eating disorder. Out of the 22 eligible athletes, 18 
took part in the obligatory starting session. One of the participants dropped out during the first week 
of the intervention due to not being able to follow the required study protocol. Although all 17 
athletes followed through the 4-week intervention period, only 12 of them (70,6%) completed the 
post intervention questionnaire. A follow-up questionnaire, distributed eight weeks after the 
intervention, was completed by 11 (64,7%) athletes. The baseline characteristics of the 17 
participants are presented in table 1. The participants included seven swimmers, five orienteers, 
three competitive walkers/runners, one cyclist, and one judoka. 12 of the 17 participants (70,6%) 
lived with a guardian. Most of the participants were sports high school students (64,7%) while four 
(23,5%) were university students. The remaining two athletes (11,8%) were currently not studying. 
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Table	  1.	  Baseline	  characteristics	  of	  the	  DigiFuel	  participants	  	  
Characteristics	   Males	  	   Females	  	   Total	  	  
	  	   (n=7)	   (n=10)	   (n=17)	  
Age,	  mean	  (SD),	  y	   22,1	  (5,24)	   17,9	  (3,28)	   19,7	  (4,58)	  
Height,	  mean	  (SD),	  cm	   181,4	  (3,91)	   171,1	  (3,31)	   175,4	  (6,27)	  
Weight,	  mean	  (SD),	  kg	   68,0	  (5,16)	   61,4	  (6,29)	   64,1	  (6,59)	  
BMI,	  mean	  (SD),	  kg/m2	   20,7	  (1,30)	   21,0	  (1,97)	   20,8	  (1,69)	  
	  
10.2 Methods 
10.2.1 Outline of the study protocol 
The study was carried out as a four-week intervention study. The intervention period began with a 
sports nutrition lecture, followed by a four-week nutrition coaching period that was carried out 
using the mobile application MealLoggerTM. During this period, the participants were asked to log 
all their foods and drinks by photographing their meals, as well as to log all their training. In cases 
of technical difficulties or if they forgot to take a photograph, the participants were allowed to log a 
meal using only text.  
A MealLoggerTM nutrition program with four nutrition goals was implemented. Besides receiving 
automated feedback on the daily adherence to the nutrition program, the study nutritionist provided 
participants feedback three times a week by commenting the meal photographs individually. In 
addition, participants were guided and motivated through common weekly messages.  
Food consumption, motivation and perceived competence were assessed at baseline, at the end of 
the intervention and eight weeks after the intervention with web based questionnaires. The baseline 
questionnaires also included background information, including self-recorded height and weight. 
Self-reported weight was also inquired in both post-intervention questionnaires. A separate 
questionnaire on the feasibility and acceptability of the intervention was included in the post-
intervention questionnaire. Copies of the questionnaires are presented in the appendix A-E. The 
course of the study is presented in more detail in figure 3. 
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Figure	  3.	  The	  DigiFuel	  study	  design.	  The	  web	  based	  FFQ,	  SRQs	  and	  PCS	  were	  completed	  by	  the	  participants	  three	  
times	  during	  the	  study.	  
10.2.3 Content of the sports nutrition lecture 
At baseline, the participants were held an hour-and-a-half-long education session on healthy eating 
and nutrition requirements in endurance sports. The main themes of the lecture were: 1) The 
importance of adequate energy intake and the role of different macronutrients in athletic 
performance and recovery. 2) The need for additional vitamin- and mineral supplementation; 
preventing unnecessary supplementation use. 3) Athletic nutrition recommendations based on 
healthy eating patterns. 4) Optimal frequency and timing of daily meals from an athlete’s 
perspective. 
The lecture also included two in-class activities. The first one was a simple checklist for an athlete 
to see how well his or her current eating practices are in line with the nutrition recommendations. 
During the second activity, the athletes interpreted food package labels and ranked different 
products according to their nutritional information. The purpose of the activities was to increase the 
participants’ engagement and competence by enforcing the personal significance of the information 
provided and help the athletes to put the information provided in practice.  
RECRUITMENT)(n=23)
STARTING)SESSION)(n=18)
Education)session
Introducing)DigiFuel
Baseline)questionnaires
4GWEEK)INTERVENTION)(n=17)
Individual)feedback)
Weekly)messages
POSTGINTERVENTION)QUESTIONNAIRES)
(n=12)
8GWEEKS)POSTGINTERVENTION
QUESTIONNAIRES (n=11)
5 unable)to)participate)to)the)
starting)session
1)excluded)due)to)not)following)the)
study)protocol
2)did)not)complete)the)
postGintervention)questionnaires
1)did)not)complete)the)8Gweeks)
postGintervention)questionnaires
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The MealLoggerTM application together with the goals of the nutrition program were introduced at 
the end of the lecture. The complete instructions of how to download and use the application were 
also sent to the participants by email after the starting session. The participants were given four 
days to familiarize themselves with the application before the nutrition program was implemented. 
10.2.4 Nutrition program 
The MealLoggerTM nutrition program designed for this study included the following goals: 
1) Eat daily at least 8 servings of Grains or Starchy Vegetables 
2) Eat daily at least 6 servings of Non-Starchy Vegetables or Fruits 
3) Eat daily 6-8 servings of Legumes, Dairy products, Meat, Poultry or Eggs 
4) Eat daily at least 4 servings of Nuts and seeds, Seafood or Fats 
A minimum for grains and starchy vegetables was set to secure adequate intake of carbohydrates to 
support physical performance and training. Accepted as grains were all pasta and rice diches, bread, 
pastries, porridge, cereal, muesli and brans, and as starchy vegetables, all potato and sweet potato 
dishes, including boiled, baked, and mashed potatoes, fries, casseroles etc., respectively. The 
minimum for non-starchy vegetables and fruits was set after the Finnish and U.S. nutrition 
recommendations demonstrated earlier and after a study, where athletes’ carbohydrate intake was 
found adequate (>6 g/kg) among those who were consuming >8 daily servings of breads and cereal 
(20). 
 It is known, that athletes may consume excess protein. Therefore, instead of setting only a lower 
limit, we set a daily range of 6-8 servings for protein rich foods (legumes, dairy products, meat, 
poultry and eggs). The lower limit was set to secure the adequate intake of protein, while the upper 
limit was set to guide the athletes to prefer carbohydrates instead of protein as the additional energy 
supply.  
Fish, nuts and seeds could also be regarded as protein rich foods and, therefore, be included in the 
previous goal. On the other hand, fish is also one of the main sources for essential fatty acids 
(including EPA and DHA). Nuts and seeds, together with vegetable oils, can be considered as an 
important source for preferable unsaturated fats. Therefore, in the nutrition program these three 
were grouped together as a separate goal to highlight the importance of sufficient intake of mono- 
and polyunsaturated fats. The participants were asked to log servings of “fats” only if they were 
consuming vegetable oils (excluding coconut oil) or vegetable oil based spreads. 
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The participants were provided an illustrated serving size guide amended with some additional 
instructions regarding the typically Finnish foods and their classification into different food groups. 
During the first week the participants were corrected in case they had clearly failed to estimate their 
serving size or misclassified their foods. The MealLoggerTM main screen and a display of the 
automated feedback generated by the application are presented in Figure 4. 
	  	  
	  
Figure4.	  A	  display	  of	  the	  mobile	  applications	  main	  screen	  (on	  the	  right)	  showing	  the	  overall	  adherence	  to	  the	  program	  
together	  with	  the	  meals	  logged	  by	  the	  user.	  The	  nutrition	  program	  performance	  (on	  the	  left)	  can	  be	  viewed	  more	  in	  
detail	  form	  a	  separate	  tab.	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10.2.5 Individual feedback and weekly messages 
 Over the 4-week period, the participants received comments on their meal photographs three times 
a week; on Mondays, Wednesdays and Fridays. The comments included positive feedback on the 
food choices that were in line with the nutrition goals, as well as with the general recommendations 
and guidelines outlined at the starting lecture. Constructive feedback was also given by suggesting 
how to modify the meal or its timing so that the overall diet would best support the current training. 
The comments were aimed at motivating the athletes through positive reinforcement, but also at 
encouraging them to perform even better.  
The weekly motivational messages included positive feedback and practical tips on how to improve 
dietary practices. The messages were also designed to enforce the information provided during the 
nutrition lecture. The themes for the tailored messages were determined based on issues emerging 
from the meal photographs during the intervention. The messages were sent on Mondays on weeks 
2, 3 and 4.  
The theme in the first message was increasing the intake of fruits and vegetables. The message 
included practical tips on how to add more vegetables and fruits into one’s diet: e.g. having 
additional fruits with meals and snacks, keeping frozen vegetables available at home at all times 
and using more vegetables in food preparation and cooking.  
The second message concentrated on added sugar and its role in the endurance athlete’s diet. The 
nutrition program did not include any goals regarding added sugar. Nor did the implemented goals 
take into account whether the logged foods had added sugar or not. In the message, participants 
were reminded that they should favor foods with no added sugar with the exception of meals 
consumed after hard training episodes or during competitions, when having foods with added sugar 
may be in place to help to restore the replenished glycogen stores more efficiently.  
The last message was about the number and timing of daily meals. The athletes were reminded on 
the importance of eating regularly. The timing and composition of pre- and post-exercise meals was 
emphasized. In addition, the last message summed up the main key points from the nutrition 
lecture.  
10.2.6 Questionnaires 
The changes in food consumption were measured by using a self-administered Food Frequency 
Questionnaire (FFQ) consisting of 48 different items (Appendix B). The items were categorized 
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into 8 different groups: vegetables, fruits and berries, dairy, seafood, meat and eggs, grains, others, 
drinks, and sports supplements. The FFQ was a modified version from a questionnaire used in a 
previous study on Finnish adolescent athletes (Vepsäläinen).  
The participants also filled out three questionnaires on motivation for sports (SRQ sports), on 
motivation for following an optimal diet (SRQ diet) and on perceived competence (PCS diet) 
regarding the ability to follow a certain diet. The original questionnaire templates are available for 
academic research and can be retrieved from selfdeterminationtheory.org. The original 
questionnaires were modified to best fit the purpose of this study. The questionnaires included 
statements that participants rated using a 1 (completely disagree) to 7 (completely agree) Likert-
type scale. 
The motivation and the reasons for an athlete to engage in his or her own sport was assessed using a 
modified version of the Exercise Self-Regulation Questionnaire (SRQ-E) for gymnastics (Appendix 
C). The original 15-item questionnaire deals with reasons why a person does gymnastics. It is 
structured so that is asks a question and provides responses that represents amotivation (#2,9,12), 
external regulation (#5,10,14), introjected regulation (#3,8,15), identified regulation (#4,7,13) and 
intrinsic motivation (#1,6,11). The SRQ-E for gymnastics is a modified version of the validated 
Treatment Self-Regulation Questionnaire (TSRQ) used in health care settings (92). Responses on 
the items reflecting each motivational style are averaged to form the corresponding subscale score. 
The subscale scores can also be used to form a score for controlled regulation by averaging across 
external and introjected items, and for autonomous regulation by averaging across identified and 
intrinsic items. Index of relative autonomy (R.A.I.) was computed using the subscale scores from 
the following formula: 2 (intrinsic motivation) + (identification) – (introjection) – 2 (external 
regulation). Higher scores of the index reflect a more self-determined motivation. The Internal 
consistencies for the amotivation (a= .93) and introjected regulation (a= .88) were satisfactory. For 
the intrinsic motivation (a= .61) identified regulation (a= .45) external regulation (a= .55) the 
internal consistencies were rather low. Although some of these reliabilities appear to be low, they 
were calculated with only three items, which, together with a small sample size, lowers the 
estimates of reliability.  
The athlete’s motivation for changing his or her eating habits and following an optimal diet was 
assessed using a modified version of the validated Treatment Self-Regulation Questionnaire 
(TSRQ) for diet (92) (Appendix D). The original 15-item questionnaire deals with the reasons why 
a person would either start eating a healthier diet or to continue to do so. It is structured so that is 
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asks a question and provides responses that represent amotivation (#5,10,15), controlled regulation 
(#2,4,7,9,12,14) and autonomous regulation (#1,3,6,8,11,13). Responses on the items reflecting 
each motivational style are averaged to form the corresponding subscale score. Index for relative 
autonomy (R.A.I.) is computed by subtracting the subscale score of controlled motivation from the 
subscale score for the autonomous motivation. The Internal consistencies for the three subscales 
were satisfactory: autonomous motivation (a= .82), controlled motivation (a= .76) and amotivation 
(a = .77).  
The athlete’s feelings of competence to maintain an optimal diet was assessed with a modified 
version of the validated Perceived Competence Scale (PCS) for maintaining a healthy diet (92) 
(Appendix E). The original 4-item questionnaire assesses the degree to which a participant feels 
confident about being able to make (or maintain) a change towards a healthy diet. A score reflecting 
individuals perceived competence is formed by averaging all the responses. The Internal 
consistency for the PCS questionnaire was high (a=.91).  
10.3 Data handling and statistical methods 
The data collected through the mobile application and the web based questionnaires was coded and 
stored. Each participant’s data was managed individually. The data regarding the logged food 
servings was retrieved from the MealLoggerTM -server as number of logged servings per food group 
per week. Data from each week was examined independently. The logged number of servings per 
week were summed up to create variables that would be comparable with the four established 
nutrition goals (Figure 5). The frequencies were then transformed to servings per day and compared 
against the nutrition goal. If the participant had, on average, reached the nutrition goal on that 
particular week, it was determined that he or she had reached the nutrition goal in question. The 
final variable, with a value between 0 and 4, describes the total number of nutrition goals reached 
on a particular week.	  
 43 
Figure	  5.	  Creation	  of	  the	  final	  variable	  describing	  the	  total	  number	  of	  goals	  that	  the	  individual	  reached	  on	  a	  particular	  
week.	  
The data from the FFQ was made comparable by transforming all of the reported frequencies of 
consumption into times per day. All missing values were excluded from the analysis. To examine 
the changes in food consumption, single FFQ-variables were summed up to create variables 
describing the four goals of the nutrition program (Table 2). To examine the overall quality of the 
athletes’ diets more in detail, additional six variables were created: two for grains and two for dairy 
to make a difference between lower and higher quality food products, and two for sugary drinks and 
treats. Counted as treats were candy, chocolate, ice cream, chips and sweet pastries. 
The use of different sports supplements was summed up to create a variable describing the use of 
these supplements altogether. The data from the SRQs and PCS was transformed, as described 
earlier, to compute the different motivational subscale scores, the relative autonomy indexes and the 
PCS-score. 
  
Number'of'
weekly'servings
Average'number'of'
daily'servings Goal'reached?
Grains'(10),'Starchy'
vegetables'(14)
Nutrition'goal'#1'
(24)
Legumes'(3),'Dairy'
Products'(21),'
Meat'(5),'Poultry'(4),'
Eggs'(7)
Fish'(2),'Nuts'and'
Seeds'(9),'Fats'(18)
NonOStarchy'
vegetables'(30),'
Fruits'(15)
Number'of'
weekly'servings
Nutrition'goal'#2'
(45)
Nutrition'goal'#3'
(40)
Nutrition'goal'#4'
(29)
NO
YES
NO
YES
Nutrition'goal'#1'
(3,4)
Nutrition'goal'#2'
(6,4)
Nutrition'goal'#3'
(5,7)
Nutrition'goal'#4'
(4,1)
Total'number'of'
goals'reached2/4
 44 
  
	  
Table	  2.	  Single	  FFQ	  variables	  were	  summed	  up	  to	  create	  variables	  that	  would	  best	  describe	  the	  goals	  of	  the	  	  
DigiFuel	  nutrition	  program.	  	  
Nutrition	  goals	   FFQ	  Variables	  
	  	   Vegetables,	  fruits	  and	  berries	   Vegetables;	  fresh,	  canned,	  cooked	  
	  	   	  	   Fruits	  and	  berries;	  fresh,	  canned,	  dried,	  frozen	  
	  	   	  	   	  	  
	  	   Grains	  and	  starchy	  vegetables	   Potato	  and	  sweet	  potato;	  all	  dishes	  
	  	   	  	   Pasta	  and	  rice;	  all	  varieties	  and	  dishes	  
	  	   	  	   Porridge,	  cereal;	  all	  varieties	  
	  	   	  	   Bread	  and	  salty	  pastries;	  all	  varieties	  
	  	   	  	   	  	  
	  	   Protein	  rich	  foods	   Meat,	  poultry,	  eggs;	  all	  varieties	  and	  dishes	  
	  	   	  	   Legumes	  
	  	   	  	   Milk	  and	  alternatives;	  all	  varieties	  
	  	   	  	   Fermented	  milk	  products;	  all	  varieties	  
	  	   	  	   Cheese;	  all	  varieties	  
	  	   	  	   	  	  
	  	   Seafood	   Fish	  and	  seafood;	  all	  varieties	  and	  dishes	  
	  	   	  	   	  	  
	  	   Nuts	   Nuts,	  almonds	  and	  seeds;	  all	  varieties	  
 
The statistical analyses were performed using IBM SPSS Statistics version 23.0 (SPSS Inc., 
Chicago, IL). Coefficients of internal consistency (Cronbach’s alpha) were computed for the SRQ 
subscales and for the PCS. Pearson correlation coefficient and cross-tabulation was used to examine 
the correlation between variables. Due to the small sample size non-parametric tests were used. 
Mann-Whitney U-test was used when comparing the changes between groups. Wilcoxon signed 
rank test was used when investigating the changes inside groups.  
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11 Results 
11.1 Baseline characteristics 
Out of the 17 participants altogether 12 (70,6%) had their guardian at least partly responsible for the 
acquisition and preparation of food at home. The remaining five participants (29,4%) either took 
care of the acquisition and preparation of food alone (n=3) or together with a roommate or a spouse 
(n=2). Three of the participants were on a lactose-free diet, one was avoiding gluten and dairy and 
one reported having a food allergy.  
At baseline, the participants answered to an open ended question on where they had gained their 
nutrition knowledge from. The answers were classified according to occasions, materials and from 
whom the knowledge was gained. Almost all of the participants named several different sources for 
their knowledge. The most common of them were nutrition lectures (47,1%), school (41,2%) and 
internet/other media (29,4%). Two of the participants named a specific nutrition related literature as 
a source for their knowledge. Only one participants had had an appointment with a registered 
nutritionist. Most of the participants (76,5%) named their coach as a source for their knowledge, 
while only three (17,6%) named a trained nutritionist as a source. Nutrition knowledge was gained 
also from family members (n=3) or from someone else (n=2).  
11.2 Food consumption at baseline 
The number of daily meals varied between three and seven, the average being 5,4 (SD 1,1) meals 
per day. During the preceding week, almost all of the participants (78,9%) reported having 
breakfast every morning. Warm lunch was eaten at least six times during the past week by 14 
participants (82,4%) and warm dinner by 13 participants (76,5%), respectively. 
In food preparation, 12 participants (70,6%) reported using only vegetable oil (excluding coconut 
oil). Three participants (17,6%) reported using both vegetable oils and fat blends or butter. One 
participants reported using only coconut oil. Two participants (11,8%) reported using no fats or oils 
at all. For spreads, nine participants (52,9%) reported using only margarine. Four (23,5%) reported 
using fat blend spreads. Three participants (17,6%) reported using both types of spreads. One of the 
participants reported using no spreads at all. The food consumption at baseline is presented in table 
3. 
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Table	  3.	  Food	  consumption	  among	  all	  participants	  at	  baseline	  at	  baseline.	  	  (n=17)	  
	  	   	  	   Consumption	  (SD),	  
Nutrition	  goals	   average	  times	  per	  day	  
	  	   Vegetables,	  fruits	  and	  berries	   4,7	  (2,09)	  
	  	   Grains	  and	  starchy	  vegetables	   4,3	  (1,55)	  
	  	   Protein	  rich	  foods	   6,5	  (2,89)	  
	  	   Seafood*	   1,6	  (1,08)	  
	  	   Nuts*	   4,9	  (6,30)	  
Indicators	  of	  overall	  diet	  quality	   	  	  
	  	   Full	  wheat	  grains	  and	  grain	  products	  with	  no	  added	  sugar	   2,9	  (1,50)	  
	  	   Refrained	  grains	  and	  grain	  products	  with	  added	  sugar	   0,6	  (0,44)	  
	  	   Low	  fat	  milk	  and	  cheese	  and	  unflavored	  dairy	   3,3	  (1,90)	  
	  	   Full	  fat	  milk	  and	  cheese	  and	  flavored	  dairy	   1,1	  (0,84)	  
	  	   Treats	   1,0	  (0,50)	  
	  	   Sugar-­‐sweetened	  soft	  drinks	  and	  juices*	   2,2	  (2,02)	  
Sports	  supplements	   2,2	  (2,80)	  
	  	   Sports	  drinks,	  energy	  bars	  and	  recovery	  supplements*	   2,2	  (2,80)	  
	  	   	  	   	  	  
*average	  times	  	  per	  week	   	  	  
	   	  	  
11.3 Changes in food consumption 
There was a borderline significant change in participants’ (n=12) self-reported weight (+0,54 kg, 
SD 0,94, p=0,070) between baseline and post-intervention. There were no statistically significant 
changes in the meal frequency or consumption frequency of breakfast, warm lunch or warm dinner 
between baseline and post-intervention or 8-weeks post-intervention. However, there was a trend 
for reduced frequency of warm dinner (times per week) between post-intervention and 8-weeks 
post-intervention (-0,80, SD 1,23, p=0,071). There were no significant changes in participants’ 
consumption of spreads or fats used in food preparation between baseline and post-intervention or 
8-weeks post-intervention. 
The changes in participants’ food consumption between baseline and post-intervention (0vs.1), 
between post-intervention and 8-weeks post-intervention (1vs.2) and between baseline and 8-weeks 
post-intervention (0vs.2), respectively, are presented in table 4. There was a trend for reduced 
consumption of soft drinks and juices with added sugar (-1,25 times per week) between baseline 
and post-intervention. The difference between baseline and 8-weeks post-intervention (-1,09 times 
per week) was statistically significant.  
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In regards with the single FFQ-variables, a significant increase in consumption of berries and a 
trend for increased consumption of flavored fermented dairy were observed. After the intervention 
the participants reported consuming berries 2,36 (SD 4,07, p=0,049), and flavored fermented milk 
products 1,75 (SD 2,70, p=0,057) times more frequently per week, as compared to baseline. A 
reduction in the respective consumption was observed between post-intervention and 8-weeks post-
intervention. The difference in consumption between baseline and 8-weeks post- intervention was 
statistically non-significant (0,69, SD 2,03, p=0,205).  For flavored fermented dairy, a statistically 
significant increase was observed between post-intervention and 8-weeks post-intervention. The 
participants consumed flavored dairy 2,27 (SD 2,28, p=0,015) times more often per week, as 
compared to baseline. 
In addition, there was also a statistically significant decrease in weekly consumption frequency of 
milk/alternatives (-3,67, SD 5,82, p=0,034), particularly in consumption of skimmed milk (-3,00, 
SD 4,28, p=0,042). The consumption of milk/alternatives further decreased between post-
intervention and 8-weeks post-intervention The participants consumed milk/alternatives 6,73 (SD 
5,87, p=0,008) times less frequently per week compared to baseline.  Also a trend for decreased 
weekly consumption frequency of soft drinks and juices with added sugar was observed between 
baseline and post-intervention. The consumption further decreased between post-intervention and 8-
weeks post-intervention. The difference between baseline and 8-weeks post intervention (-1,09 
times per week) was statistically significant. 
A statistically significant reduction in consumption of grains and starchy vegetables was observed 
between post-intervention and 8-weeks post-intervention. The participants consumed grains and 
starchy vegetables 6,72 times less frequently per week compared to post-intervention. The 
difference between baseline and 8-weeks post-intervention was also statistically significant. 
Between baseline and 8-weeks post-intervention, there was a statistically significant reduction in 
weekly consumption frequency of whole-wheat bread (-1,73, SD 2,45, p=0,035), white bread (-0,64 
SD 0,92, p=0,034) and sweet pastries (-1,64 SD 1,20, p=0,002).  
 48 
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11.4 Supplement use at baseline 
Out of the 17 participants, 10 (58,8%), six females and four males, reported using nutritional 
supplements, excluding specific sports supplements. Among the supplement users, the number of 
nutritional supplements varied between one and five. Seven participants reported (41,2%) using 
only one supplement daily. Three participants (17,6%) used two different supplements daily and 
one participants used five different supplements daily. Three participants (17,6%) reported using 
supplements only occasionally. Most commonly used vitamins were vitamin D (6, 35,3%), 
multivitamin (3, 17,6%), and vitamin B (3, 17,6%). Most commonly used minerals were 
magnesium (7, 41,2%) and iron (2, 11,8%). Other vitamins and minerals used were vitamin E (1, 
7,6%), calcium (1, 7,6%), zinc (1, 7,6%) and flint (1, 7,6%). Three of the athletes (17,6%) reported 
using fish oil supplements. Eight participants (47,1%), two males and six females, reported using 
specific sports supplements.  
11.5 Changes in supplement use 
No novel use was reported among the users who reported no supplement use at baseline. Among the 
supplement users the reported use was very inconsistent between different time points. Two of the 
athletes reported use of vitamin C only at post-intervention, while no use was not reported at 
baseline or 8-weeks post-intervention. Altogether, the supplementation use reduced between 
baseline and 8-weeks post-intervention. Three athletes stopped using supplements altogether 
between baseline and 8-weeks post-intervention. All the remaining supplement users (4) reduced 
their number of supplements by one compared to baseline. Three participants gave up the use of 
vitamin D. Three participants gave up the use of magnesium. Two participants gave up the use of 
fish oil, while one reported novel use of fish oil. 
11.6 Motivation and perceived competence at baseline 
The means and standard deviations (SD) for the measures from SRQ for sports together with 
correlations between measures are presented in table 5. The SRQ subscale scores have a maximum 
range of 1 to 7.  
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Table	  5.	  Subscale	  scores	  and	  R.A.I	  for	  motivation	  for	  sports	  among	  all	  participants	  at	  baseline.	  (n=17)	  
	  	   	  	   Mean	  (SD)	   1.	   2.	   3.	   4.	   5.	  	  
SRQ	  for	  sports	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   1.	  Intrinsic	   5,33	  (1,07)	   	  	   	  	   	  	   	  	   	  	  
	  	   2.	  Identified	   6,25	  (0,60)	   .45	   	  	   	  	   	  	   	  	  
	  	   3.	  Introjected	   4,69	  (1,53)	   .25	   .42	   	  	   	  	   	  	  
	  	   4.	  External	   1,69	  (0,88)	   -­‐.04	   -­‐.08	   .30	   	  	   	  	  
	  	   5.	  Amotivation	   2,12	  (1,62)	   -­‐.48*	   -­‐.34	   -­‐.19	   .23	   	  	  
	  	   6.	  R.A.I.	   8,86	  (3,35)	   .63**	   .31	   -­‐.39	   -­‐.71**	   -­‐.40	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
*p<0,05	  	  **p<	  0,01	   	  	   	  	   	  	   	  	   	  	  
R.A.I.	  (Relative	  Autonomy	  Index)	  =	  	  2	  (intrinsic	  motivation)	  +	  (identification)	  –	  (introjection)	  –	  2	  
(external	  regulation)	  
	  
The participants scored the highest for identified motivation, followed by intrinsic motivation, 
introjected motivation, amotivation and external motivation. The correlations between motivation 
subscales provided support for the self-determination continuum as there were positive stronger 
correlations between adjacent factors on the self-determination continuum and weaker correlations 
between more distal factors. There was a correlation between identified regulation and intrinsic 
motivation (r= .45, p=0,071) and a significant negative correlation between amotivation and 
intrinsic motivation (r=-.48, p=0,049). The R.A.I. correlated negatively with amotivation, but the 
correlation was statistically non-significant (r= -.40, p=0,111) 
To compare the measures from SRQ sports with measures from SRQ diet, intrinsic motivation and 
identified regulation for sports were averaged to form a score for controlled regulation. Also 
external and introjected regulation for sports were averaged to form a score for autonomous 
motivation. The means and standard deviations (SD) for these scores, for R.A.I. for sports and for 
the measures from SRQ for diet and from PCS diet and dietary satisfaction together with 
correlations between measures are presented in table 6. The SRQ subscale scores and PCS score 
have a maximum range of 1 to 7, while the dietary satisfaction has a maximum range of 1 to 10.  
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Table	  6.	  Subscale	  scores	  from	  the	  SRQ	  sports	  and	  SRQ	  diet	  together	  with	  PCS	  score	  for	  diet	  and	  dietary	  
satisfaction	  and	  correlations	  between	  the	  measures	  among	  all	  participants	  at	  baseline.	  (n=17)	  
	  	   	  	   Mean	  (SD)	   1.	   2.	   3.	   4.	   5.	  	   6.	   7.	   8.	   9.	  
SRQ	  for	  sports	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   1.	  Autonomous	   5,79	  (0,71)	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   2.	  Controlled	   3,19	  (0,99)	   .25	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   3.	  Amotivation	   2,12	  (1,62)	   -­‐.50*	   -­‐.05	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   4.	  R.A.I.	   8,86	  (3,35)	   .60*	   -­‐.61**	   -­‐.40	   	  	   	  	   	  	   	  	   	  	   	  	  
SRQ	  for	  diet	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
	  	   5.	  Autonomous	   5,58	  (1,09)	   .14	   .04	   -­‐.13	   .15	   	  	   	  	   	  	   	  	   	  	  
	  	   6.	  Controlled	   3,72	  (1,14)	   -­‐.22	   .07	   .35	   -­‐.23	   .26	   	  	   	  	   	  	   	  	  
	  	   7.	  Amotivation	   2,41	  (1,24)	   -­‐.28	   .02	   .04	   -­‐.32	   -­‐.29	   .37	   	  	   	  	   	  	  
	  	   8.	  R.A.I.	   1,86	  (1,36)	   .3	   -­‐.03	   -­‐.40	   .32	   .58*	   -­‐.63**	   -­‐.55*	   	  	   	  	  
9.	  PCS	  diet	   5,25	  (1,36)	   .24	   .21	   -­‐.15	   .07	   .46	   .17	   -­‐.39	   .23	   	  	  
Satisfaction	  diet	   6,59	  (1,91)	   -­‐.06	   .14	   .02	   -­‐.17	   .20	   -­‐.04	   -­‐.46	   .19	   .43	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
*	  p<0,05	  	  **p<	  0,01	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	   	  	  
R.A.I.	  (Relative	  Autonomy	  Index)	  Diet	  =	  (autonomous)	  -­‐	  (controlled)	   	  	   	  	   	  	  
	  
In SRQ for diet, the participants scored the highest for autonomous motivation, followed by 
controlled motivation and amotivation. The R.A.I. correlated significantly with the amotivation (r= 
.58 p=0,023). The autonomous motivation correlated positively with the controlled motivation. 
Amotivation correlated negatively with autonomous motivation and positively with controlled 
motivation. However, all these correlations were statistically non-significant.  
Most of the correlations between the measures from SRQ for diet and SRQ for sports were low and 
non-significant. Controlled motivation for diet correlated negatively with autonomous motivation 
and R.A.I. for sports. The correlation with amotivation for sports was positive. Amotivation for diet 
correlated negatively with autonomous motivation and R.A.I for sports. The R.A.I for diet 
correlated positively with autonomous motivation and R.A.I. for sports. The correlation with 
amotivation for sports was negative. All the correlations were, however, statistically non-
significant.  
The PCS score for diet correlated positively with autonomous and controlled motivation for sports 
and negatively with autonomous motivation for diet. However, all the correlations were statistically 
non-significant. There was almost a statistically significant correlation between PCS for diet and 
autonomous motivation for diet (r= .46, p=0,064). 
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The average for the athletes’ dietary satisfaction was 6,59. The dietary satisfaction correlated poorly 
with the measures from SRQ for sports. There was almost statistically significant correlation 
between the dietary satisfaction and amotivation for diet (r=-.46, p=0,062) and between the diet 
satisfaction and perceived competence for diet (r=.43, p=0,082).   
11.7 Changes in motivation and perceived competence 
The changes for the measures from SRQ for sports, SRQ for diet, PCS for diet and the dietary 
satisfaction between baseline and post-intervention (0vs.1) and between post-intervention and 8-
weeks after the intervention (1vs.2), respectively, are presented in the table 7.  
Table	  7.	  Changes	  in	  subscale	  scores	  from	  the	  SRQ	  sports	  and	  from	  SRQ	  diet,	  in	  PCS	  score	  for	  diet	  and	  in	  
dietary	  satisfaction.	  
	  	   	  	   Change	  0	  vs.	  1	  (SD)	  
(n=12)	  
Sig.	   Change	  1	  vs.	  2	  (SD)	  
(n=11)	  
Sig.	  
SRQ	  for	  sports	   	  	   	  	   	  	   	  	  
	   Intrinsic	   0,83	  (1,34)	   p=0,813	   0,07	  (0,66)	   p=0,831	  
	   Identified	   -­‐0,19	  (1,27)	   p=0,677	   -­‐0,20	  (0,57)	   p=0,317	  
	   Introjected	   0,53	  (1,94)	   p=0,504	   -­‐0,23	  (0,75)	   p=0,391	  
	   External	   0,19	  (1,53)	   p=0,675	   -­‐0,33	  (0,54)	   p=0,066	  
	   Amotivation	   0,00	  (1,94)	   p=0,766	   0,00	  (0,68)	   p=1,000	  
	   R.A.I.	   -­‐0,94	  (4,66)	   p=0,969	   0,83	  (1,73)	   p=0,154	  
SRQ	  for	  diet	   	  	   	  	   	  	   	  	  
	   Autonomous	   0,01	  (4,11)	   p=0,835	   -­‐0,06	  (0,26)	   p=0,391	  
	   Controlled	   0,29	  (0,97)	   p=0,320	   0,02	  (0,62)	   p=0,837	  
	   Amotivation	   0,08	  (1,16)	   p=0,170	   0,00	  (0,72)	   p=1,000	  
	   R.A.I.	   -­‐0,28	  (1,23)	   p=0,432	   -­‐0,08	  (0,48)	   p=0,549	  
PCS	  diet	   0,21	  (0,94)	   p=0,405	   0,10	  (0,69)	   p=0,552	  
Satisfaction	  diet	   1,67	  (2,10)	   p=0,016*	   -­‐0,60	  (0,84)	   p=0,058	  
	  	   	  	   	  	   	  	   	  	   	  	  
*p<0,05	   	  	   	  	   	  	   	  	  
	  
The changes for SRQ sports, SRQ diet and PSC diet were minor and statistically non-significant. 
There was a statistically significant increase (1,67, p=0,016) in dietary satisfaction between baseline 
and post-intervention. Dietary satisfaction decreased between post-intervention and 8-weeks post-
intervention. The difference between baseline and 8-weeks post-intervention was 0,82 (SD 1,33, 
p=0,087). 
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11.8 Adherence to the nutrition program 
The total number of logged meals together with the number of nutrition goals achieved on each 
week for each participant is presented in figure 6. The data was obtained from 15 participants. 
	  
Figure	  6.	  The	  participants’	  engagement	  to	  MealLoggerTM	  (grey	  bars)	  and	  to	  the	  nutrition	  program	  (stacked	  
blue	  bars)	  during	  the	  4-­‐week	  intervention.	  
The participants were a posteriori divided into two groups based on their adherence to the nutrition 
program. The high adherence group (H) consisted of eight athletes, most of whom consistently 
achieved at least three out of the four goals throughout the four-week intervention. The low 
adherence group (L) consisted of seven athletes, most of whom, on contrary, failed to achieve any 
of the nutrition goals on any of the four weeks. 
The total number of meals logged during the 28 days was significantly higher in the H group than in 
the L group (Table 8). The number of logged meals per day significantly differed between the 
groups on weeks 2, 3 and 4, respectively. The number of days logged covers all those days when at 
least one meal was logged. The total number of days logged was significantly higher in the H group 
than in the L group. The number of days logged significantly differed between the groups only on 
week 4. The proportion of the meals logged with a photograph was 73,3% and 82,8% in the L and 
the H group, respectively. There was no statistically significant difference between the two groups. 
	   	  
DigiFuel
Digitizing nutrition coaching for 
young endurance athletes
INTRODUCTION
Several studies on athletes have reported 
inadequate intakes of energy, carbohydrates 
and essential micronutrients. Thus, the 
importance of professional nutrition coaching 
among athletes should be recognized. 
Mobile health (mHealth) technologies may 
provide both cost-effective methods for 
athletes’ nutrition coaching and new 
opportunities to increase adherence to 
nutritional advice, especially among 
technology oriented adolescents and young 
adults. 
OBJECTIVE
The aim of this intervention was to study if 
eating habits of young endurance athletes 
could be influenced by setting certain nutrition 
goals, defined as number of food servings, 
while using a smartphone application 
(MealLoggerTM). 
We also examined the athletes’ adherence to 
the nutrition program, in relation to their 
motivation toward sports, as well as to their 
motivation and perceived competence toward 
following an optimal diet.
Finally, we evaluated how well the athletes 
were able to classify their food into different 
food groups and estimate their portion-size 
while using MealLoggerTM.
METHODS
Before the intervention, a lecture on optimal 
sports nutrition was held to all athletes (n=17), 
mean age 19.7 (SD 4.6), 7 males and 10 
females.
Using MealLoggerTM, the athletes followed a 
customized nutrition program for four weeks, 
while keeping a visual food journal and logging 
their food servings. 
The participants received automated daily 
feedback on their adherence to the nutrition 
program, as well as individualized comments 
on their meal photographs from a professional 
3 times per week.
- The change in food consumption was 
determined by using a Food Frequency 
Questionnaire (FFQ). 
- The motivation and perceived competence 
were assessed with self-determination 
theory questionnaires. 
- The adherence to the nutrition program was 
assessed by comparing the logged food 
servings to the defined goals.
Participants’ meal photographs from week one 
were visually evaluated to assess the accuracy 
of food group classifications and portion-size 
estimates. 
RESULTS
12 participants (71%) completed FFQ’s before 
and after intervention. 
No statistically significant changes in 
consumption of the food groups included in 
the nutrition program were detected. 
Consumption of skimmed milk decreased 3.00 
times per week (SD 4.28, p = 0.042) and 
consumption of milk/alternatives in total 
decreased 3.67 times per week (SD 5.82, p = 
0.034). Consumption of berries increased 2.36 
times per week (SD 4.07 p = 0.049). 
Data on the nutrition program adherence was 
received form 15 participants (6 males, 9 
females).
- Tho e (n=8) wi  high adherence (H) to the 
nutrition program achieved 3 out of 4 goals, 
but those (n=7) with low adherence (L) 
achieved only 0-2 out of 4 goals on each 
week, respectively. 
- No differences in motivation or perceived 
competence were found between H and L.
- The total number of reported meals was 
significantly lower in L (78.7, SD 38.5)  
compared to H (174.1, SD 24.2) (p = 0,000).
- The participants in L were significantly 
younger (p = 0,014) and more likely to be 
living with a guardian, responsible for the 
acquisition and preparation of food.
The participants did well classifying their 
foods into different food groups. Errors were 
observed in estimating the number of servings 
of vegetables, grains and meat/alternatives in 
mixed foods. 
CONCLUSION
- The observed changes in athletes’ eating 
behavior during the intervention were 
minor.
- Those with good quality diet already at the 
beginning also adhered to the nutrition 
program, while the athletes with lesser 
quality diets had lower adherence.
- The motivation and perceived competence 
were not related to adherence to the 
nutrition program. 
In conclusion, athletes, whose diets need 
improvement, should be better identified and 
paid more focused attention to. 
More research is needed to determine how the 
young athletes’ engagement and adherence 
could be improved, especially when the 
acquisition and preparation of food is affected 
by a guardian. 
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Food
Change in consumptio  
(average per week, SD) Sig.
Vegetables, fruits 
and berries 1.70 (12.9) p = 0.575
Grains and starchy 
vegetables -0.90 (9.29) p = 0.838
Meat, poultry, eggs, 
legumes and dairy 
products -1.23 (14.54) p = 0.790
Seafood 0.70 (1.25) p = 0.102
Nuts -1.58 (5.71) p = 0.440
High adherence to the nutrition program (n=8)Low adherence to the nutrition program (n=7)
Single FFQ-variables were added up to create variables describing 
the food groups in the nutrition program. Wilcoxon signed rank test 
was used to compare variables in different data points.
Mann-Whitney U-test and cross-tabulations were used to compare the distribution of variables between the two groups.
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Table	  8.	  The	  number	  of	  meals	  and	  days	  logged	  in	  the	  low	  and	  the	  high	  adherence	  groups.	  
	  	   Meals	  logged	  (SD),	   	  	   Days	  logged	  (SD),	   	  	  
	  	   average	  per	  day	   	  	   	  	   average	  per	  week	   	  	  
	  	   Low	  (n=7)	   High	  (n=8)	   Sig.	   Low	  (n=7)	   High	  (n=8)	   Sig.	  
Week	  1	   4,35	  (1,65)	   6,55	  (1,24)	   p=0,210	   6,71	  (0,49)	   7,00	  (0,00)	   p=0,397	  
Week	  2	   2,41	  (1,44)	   6,41	  (0,77)	   p=0,000*	   5,57	  (2,15)	   7,00	  (0,00)	   p=0,072	  
Week	  3	   2,90	  (1,63)	   6,20	  (0,92)	   p=0,001*	   5,29	  (2,06)	   7,00	  (0,00)	   p=0,072	  
Week	  4	   1,59	  (2,10)	   5,61	  (1,54)	   p=0,002*	   3,00	  (3,16)	   6,75	  (0,71)	   p=0,029*	  
Total	   78,71	  (38,52)	   174,13	  (24,16)	   p=0,000*	   20,57	  (6,19)	   27,75	  (0,71)	   p=0,001*	  
	  	   	  	   	  	   	  	   	  	   	  	   	  	  
*p<0,05	   	  	   	  	   	  	   	  	   	  	   	  	  
	  
The participants in the L group were significantly older than in the H group (p=0,014). The mean 
age was 16,9 (SD 0,69) for the L group and 22,8 (SD 1,83) for the H group, respectively. There was 
no difference in BMI between the two groups. The proportion of females was greater in the L group 
(85,7%) than in the H group (33,3%). Also the proportion of participants living with a guardian, 
who was also at least partly responsible for the acquisition and preparation of food, was greater in 
the L group (85,7%) compared to the H group (50,0%). However, these differences were not 
statistically significant.  
In the L group, the post-intervention questionnaires were returned only by three participants, and 
the 8-week post-intervention questionnaire only by two. Therefore, the food consumption, 
motivation, perceived competence and diet satisfaction were compared between the H and the L 
group only at baseline. The changes in food consumption in the H group alone were also examined.  
11.8.1 Differences in food consumption at baseline 
The number of daily meals or the consumption frequency of breakfast, warm lunch and warm 
dinner did not differ between the groups. There was no difference in the use of spreads or fats used 
in food preparation. Six out of eight participants (75,0%) from the H group and two out of seven 
participants (42,9%) from the L group used nutritional supplements. The difference between the 
groups was, however, statistically non-significant. The food consumption in the L and H group at 
baseline is presented in table 9. 
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Table	  9.	  Food	  consumption	  in	  the	  high	  and	  low	  adherence	  groups	  at	  baseline.	  	  
	  	   	  	   	  	   Consumption	  (SD),	   	  	  
	  	   	  	   	  	   average	  times	  per	  day	   	  
Nutrition	  goals	   Low	  	  (n=7)	   High	  (n=8)	   Sig.	  
	  	   Vegetables,	  fruits	  and	  berries	   4,36	  (1,97)	   4,96	  (1,63)	   p=0,779	  
	  	   Grains	  and	  starchy	  vegetables	   3,64	  (1,19)	   5,16	  (1,55)	   p=0,059	  
	  	   	  	   Bread	   1,02	  (0,37)	   2,50	  (0,98)	   p=0,009*	  
	  	   	  	   Pastries**	   2,14	  (2,27)	   4,63	  (2,83)	   p=0,040*	  
	  	   Protein	  rich	  foods	   4,89	  (2,50)	   8,48	  (2,50)	   p=0,014*	  
	  	   	  	   Legumes**	   0,14	  (0,38)	   1,00	  (0,77)	   p=0,040*	  
	  	   	  	   Dairy	   2,93	  (2,14)	   5,48	  (1,30)	   p=0,014*	  
	  	   	  	   Milk	   1,51	  (1,55)	   3,25	  (1,26)	   p=0,040*	  
	  	   Seafood**	   1,21	  (0,99)	   1,63	  (0,92)	   p=0,536	  
	  	   Nuts**	   3,29	  (6,18)	   5,75	  (6,27)	   p=0,152	  
	  	   	  	   	  	   	  	   	  	   	  	  
Indicators	  of	  overall	  diet	  quality	   	  	   	  	   	  	  
	  	   Full	  wheat	  grains	  and	  grain	  products	  with	  no	  added	  sugar	  
2,22	  (0,84)	   3,75	  (1,66)	   p=0,040*	  
	  	   Refrained	  grains	  and	  grain	  products	  with	  added	  sugar	   0,67	  (0,50)	   0,45	  (0,43)	   p=0,397	  
	  	   Low	  fat	  milk	  and	  cheese	  and	  unsweetened	  dairy	   2,24	  (2,34)	   4,07	  (1,07)	   p=0,094	  
	  	   Full	  fat	  milk	  and	  cheese	  and	  sweetened	  dairy	   0,54	  (0,29)	   1,13	  (0,73)	   p=0,121	  
	  	   Treats	   0,88	  (0,31)	   1,04	  (0,50)	   p=0,192	  
	  	   Sugar-­‐sweetened	  soft	  drinks	  and	  juices**	   2,79	  (2,71)	   1,50	  (1,31)	   p=0,281	  
	  	   	  	   	  	   	  	   	  	   	  	  
Sports	  supplements	   	  	   	  	   	  	  
	  	   Sports	  drinks,	  energy	  bars	  and	  recovery	  supplements**	   2,57	  (2,94)	   2,50	  (2,98)	   p=1,000	  
	  	   	  	   	  	   	  	   	  	   	  	  
*p<0,05	   	  	   	  	   	  	   	  	  
**	  average	  times	  per	  week	   	  	   	  	   	  	  
	  
The consumption frequency of protein rich foods and full wheat grains and grain products with no 
added sugar was significantly higher in the H group. The consumption frequency of legumes, dairy 
and milk was significantly higher among the H group. There was also a trend for higher 
consumption frequency of grains and starchy vegetables, and for low fat milk and cheese and 
unflavored dairy in the H group. The H and the L group significantly differed in consumption 
frequency of bread and pastries.  
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There was a trend for higher consumption of full wheat bread (p=0,072) and rye bread (p=0,094) in 
the H group. The H group consumed full wheat bread 6,13 (SD 3,83) and rye bread 10,00 (SD 6,92) 
times per week. In the L group these consumption frequencies were 2,57 (SD 2,44) and 4,29 (SD 
2,69) respectively. There was also a trend for higher consumption of fruit and vegetable juices with 
no added sugar in the L group (p=0,094). The consumption in the L group was 4,71 (SD 3,09) and 
in the H group 2,00 (SD 2,73) times per week, respectively.  
11.8.2 Differences in motivation, perceived competence and dietary satisfaction at baseline 
The means and standard deviations (SD) for the measures from SRQ sports, SRQ diet, for the PCS 
score and for the dietary satisfaction in the L and the H group at baseline are presented in table 10. 
There were no statistically significant differences in motivational subscales, in R.A.I.s or in PCS 
score between the L and the H groups. The mean dietary satisfaction was lower in the L group than 
in the H group, but also this difference was statistically non-significant (p=0,189). 
Table	  10.	  Subscale	  scores	  from	  the	  SRQ	  sports	  and	  SRQ	  diet	  together	  with	  PCS	  score	  for	  diet	  and	  dietary	  
satisfaction	  in	  the	  high	  and	  the	  low	  adherence	  groups	  at	  baseline.	  
	  	   	  	  
Low	  
(n=7)	  
High	  
(n=8)	  
Sig.	  
	  
SRQ	  for	  sports	   	  	   	  	   	  	  
	  	   Intrinsic	   5,67	  (0,78)	   5,21	  (1,25)	   p=0,694	  
	  	   Identified	   6,29	  (0,52)	   6,17	  (7,35)	   p=0,867	  
	  	   Introjected	   4,52	  (1,40)	   4,67	  (1,89)	   p=0,694	  
	  	   External	   1,76	  (1,17)	   1,63	  (0,74)	   p=1,000	  
	  	   Amotivation	   2,43	  (1,93)	   1,58	  (0,83)	   p=0,463	  
	  	   R.A.I.	   9,57	  (3,71)	   8,66	  (3,20)	   p=0,779	  
SRQ	  for	  diet	   	  	   	  	   	  	  
	  	   Autonomous	   5,60	  (0,99)	   5,83	  (1,05)	   p=0,779	  
	  	   Controlled	   3,57	  (1,41)	   3,69	  (1,06)	   p=0,613	  
	  	   Amotivation	   2,52	  (1,15)	   2,38	  (1,51)	   p=0,536	  
	  	   R.A.I.	   2,02	  (1,35)	   2,15	  (1,23)	   p=0,867	  
PCS	  diet	   5,21	  (1,43)	   5,41	  (1,32)	   p=0,694	  
Satisfaction	  diet	   6,14	  (2,34)	   7,38	  (1,30)	   p=0,189	  
	  
11.8.3 Changes in food consumption among the high adherence group 
The changes in food consumption in the H group between baseline and post-intervention (0vs.1), 
between post-intervention and 8-weeks post-intervention (1vs.2) and between baseline and 8-weeks 
post-intervention (0vs.2), respectively, are presented in table 11.  
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Despite the lack of statistical power, it should be noted that the average increase in weekly 
consumption frequency of vegetables, fruits and berries was greater in the H group alone (5,63), as 
compared to all participants (1,70). The observed decrease in consumption of grains and starchy 
vegetables, among all participants between post-intervention and 8-weeks post-intervention, was 
statistically non-significant in the H group alone. The difference between baseline and 8-weeks 
post-intervention was non-significant. The observed trend for decreased consumption of soft drinks 
and juices with added sugar, among all participants, was smaller and non-significant in the H group 
alone.  
The observed statistically significant increase in weekly consumption frequency of berries between 
baseline and post-intervention was greater in the H group alone (3,25, SD 4,39, p=0,028) than 
among all participants (2,36, SD 4,07, p=0,049) Only in the H group, there was a trend for higher 
consumption at 8-weeks after the intervention compared to baseline (1,21 SD 1,56, p=0,084). The 
increase in weekly consumption of flavored fermented dairy was also greater in the H group alone 
(2,50, SD 2,78, p=0,041) than among all participants (1,75, SD 2,70, p=0,057). The change between 
baseline and 8-weeks post-intervention was about the same magnitude in the H group alone (2,29 
SD 2,75 p=0,080) as compared to all participants (2,27, SD 2,28, p=0,015). 
The decreases in weekly consumption frequency of milk/alternatives (-1,69, SD 4,06, p=0,197) and 
skimmed milk (-2,31, SD 4,33, p=0,180) between baseline and post-intervention were smaller than 
among all participants (milk/alternatives: -3,67, SD 5,82, p=0,034; skimmed milk: -3,00, SD 4,28, 
p=0,042). The decrease in consumption of milk/alternatives between baseline and 8-weeks post 
intervention was also smaller in the H group alone (-5,43 SD 5,56 p=0,059), as compared to all 
participants (-6,73 SD 5,87 p=0,008). 
11.8.4 Changes in motivation and perceived competence among the high adherence group 
The changes for the measures from SRQ for sports, SRQ for diet, PCS for diet and the dietary 
satisfaction in the H group between baseline and post-intervention (0vs.1) and between post-
intervention and 8-weeks after the intervention (1vs.2), respectively, are presented in the table 12.  
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Table	  12.	  Changes	  in	  subscale	  scores	  from	  the	  SRQ	  sports	  and	  from	  SRQ	  diet,	  in	  PCS	  score	  for	  diet	  and	  in	  
dietary	  satisfaction	  in	  the	  high	  adherence	  group.	  (n=8)	  
	  	   	  	   Change	  0vs.1	  (SD)	   Sig.	   Change	  1vs.2	  (SD)	   Sig.	  
SRQ	  for	  sports	   	  	   	  	   	  	   	  	  
	  	   Intrinsic	   0,38	  (1,42)	   0,399	   -­‐0,14	  (0,69)	   0,586	  
	  	   Identified	   0,04	  (1,30)	   0,674	   -­‐0,10	  (0,25)	   0,317	  
	  	   Introjected	   0,83	  (2,25)	   0,401	   -­‐0,43	  (0,83)	   0,216	  
	  	   External	   -­‐0,38	  (1,08)	   0,343	   -­‐0,29	  (0,62)	   0,180	  
	  	   Amotivation	   0,71	  (1,34)	   0,176	   -­‐0,19	  (0,60)	   0,461	  
	  	   R.A.I.	   0,71	  (3,22)	   0,326	   0,62	  (1,99)	   0,463	  
SRQ	  for	  diet	   	  	   	  	   	  	   	  	   	  	  
	  	   Autonomous	   0,04	  (0,34)	   0,739	   0,02	  (0,26)	   0,854	  
	  	   Controlled	   0,04	  (0,90)	   0,774	   0,10	  (0,67)	   0,671	  
	  	   Amotivation	   -­‐0,25	  (1,31)	   0,891	   0,05	  (0,73)	   0,914	  
	  	   R.A.I.	   0,00	  (1,08)	   0,833	   -­‐0,07	  (0,50)	   0,673	  
PCS	  diet	   	  	   0,44	  (0,74)	   0,104	   0,00	  (0,71)	   0,916	  
Satisfaction	  diet	   0,89	  (0,99)	   0,059	   -­‐0,57	  (0,98)	   0,157	  
	  
The changes in measures for SRQ sports, for SRQ diet and in PCS score for diet were minor and 
statistically non-significant. There was a trend for decrease in external motivation for sports 
between baseline and 8-weeks post-intervention (-0,71, SD 0,76 p=0,059). The increase in dietary 
satisfaction in the H group alone was smaller and non-significant (0,89, p=0,059), as compared to 
all participants (1,67, SD 2,10, p=0,016). 
11.9 Food classification and estimates of serving size 
Overall, the participants did well classifying their foods into different food groups. During the first 
week of the intervention errors were observed especially in estimating the number of servings of 
vegetables, grains and meat/alternatives in mixed foods. Some missing servings were also observed. 
The participants, however, reacted well after being corrected during the first week in the comments 
provided to the meal photographs.  
The feedback from the participants was in line with the observations made by the study nutritionist. 
The participants themselves also thought that estimating the amount of e.g. starchy vegetables, 
meat, grains and fats in mixed foods was sometimes hard, especially if the participant him- or 
herself was not responsible for the preparation of foods that were served.  
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11.10 Feedback 
After the intervention the participants were asked to provide feedback on the general usability and 
feasibility of the mobile application on the intervention altogether (Table 13). The participants 
estimated that they had used 8-20 min daily to log their meals to the application. The use of the 
mobile application was found to be easy, but somewhat interfering with the normal routines. The 
comments provided by the study nutritionist were found more useful and helpful than the automated 
feedback from the nutrition program or the weekly general messages from the nutritionist. On a 
scale from 1 to 10, all the participants graded the intervention above seven, the average being 7,9 
(SD 1,0).  
The participants who provided additional feedback thought that the intervention had been fun and 
useful. One participant described that the nutrition program was not very useful, nor provided much 
new knowledge, as all of the goals in the nutrition program were reached spontaneously. The 
nutritionist’s comments, however, had provided some useful tips. Another participant found the 
application burdening, especially when being hungry or in a hurry. The nutrition program and 
logging of food servings was found inconvenient for meal planning. The nutritionist’s comments, 
however, were regarded as much more useful, because in them the diet was being treated more as a 
whole. One participant felt that the comments were not always in line with the nutrition program. 
Table	  13.	  The	  feedback	  on	  the	  DigiFuel	  intervention	  using	  a	  scale	  from	  1	  (completely	  disagree)	  to	  7	  
(completely	  agree).	  (n=12)	  
Feedback	   Average	  (SD)	  
Mobile	  application	   	  	  
	  	   The	  application	  was	  easy	  to	  use	   5,6	  (1,24)	  
	  	   The	  use	  of	  the	  application	  did	  not	  interfere	  with	  my	  normal	  routines	   4,4	  (1,56)	  
Nutrition	  program	   	  	  
	  	   The	  goals	  set	  through	  the	  mobile	  application	  were	  useful	   5,0	  (1,54)	  
	  	   The	  goals	  guided	  me	  to	  change	  my	  eating	   4,8	  (1,33)	  
	  	   Logging	  different	  food	  servings	  was	  easy	   4,8	  (1,60)	  
	  	   Estimating	  the	  serving	  size	  was	  easy	   3,8	  (1,54)	  
Commenting	   	  	  
	  	   The	  comments	  provided	  by	  the	  study	  nutritionist	  were	  useful	   6,3	  (0,75)	  
	  	   The	  commenting	  helped	  me	  to	  stay	  engaged	   5,3	  (1,22)	  
	  	   I	  changed	  my	  eating	  based	  on	  the	  received	  comments	   5,2	  (1,34)	  
Weekly	  messages	   	  	  
	  	   The	  weekly	  messages	  were	  useful	   4,8	  (0,97)	  
	  	   The	  weekly	  messages	  helped	  me	  to	  stay	  engaged	   4,4	  (1,24)	  
	  	   The	  messages	  provided	  me	  useful	  tips	  to	  apply	  in	  practice	   4,4	  (1,31)	  
 61 
	  
12 Discussion 
During the 4-week nutrition intervention, carried out with the mobile application MealLoggerTM and 
its inbuilt nutrition program, we observed a significant increase in athletes’ consumption of berries 
and flavored fermented dairy products. There was also a trend for decreased consumption of sugary 
drinks and a significant decrease in consumption on milk/alternatives. No significant changes were 
observed in those variables that were comprised to match the goals of the nutrition program. In 
addition, no changes in participants’ motivation or perceived competence were observed over the 
study period.  
The results shown, that already at week one, two distinctive groups could be distinguished, based 
on their adherence to the implemented nutrition program. These groups have been designated as H 
and L with reference to either high or low adherence. Throughout the intervention almost all 
participants from the H group achieved at least three out of four goals on every week. In contrary, 
majority of the participants in the L group had substantial difficulties achieving any of the goals on 
any of the weeks. The number of meals and days logged on each week declined among the L group, 
while the H group showed high rates of engagement throughout the intervention. The participants in 
the L group were significantly younger. Also the proportion of females and those living with a 
guardian was greater in the L group. No differences in baseline motivation or in perceived 
competence, however, were observed between the two groups. 
12.1 Food consumption at baseline 
The Finnish Healthy Athlete -guidelines for athletes recommend that athletes should consume 5-9 
meals per day, consisting of breakfast, lunch dinner and snacks (93). In our study, the average 
number of meals consumed per day at baseline was 5,4. In an intervention study among Finnish 
adolescent athletes, who were slightly younger compared to ours, the reported number of meals per 
day at baseline was 3,8 for males and 4,5 for females, respectively (89). In a study among Brazilian 
athletes, the average number of daily meals was less than five for both adolescent and young adults 
(57). 
In our study, vegetables, fruits and berries were consumed on average 4,7 times per day. 29% of the 
males and 60% of the females consumed vegetables, fruits and berries at least five times per day. In 
the referred previous study among Finnish adolescent athletes, quite similar results were obtained, 
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while the respective average consumption was 4,8 for males and 3,1 for females (89). In that study, 
50% of the female athletes and 25% of male adolescent athletes reached the total consumption of 
five times a day. In a study on Greek athletes, only 10% of males and 22% of females consumed at 
least six servings of vegetables per day, while the consumption of fruits was at least three servings 
per day among half of all the athletes (20). Among Brazilian athletes’ consumption of vegetables 
and fruits was determined to be adequate among 18,8% and 23% of the athletes, respectively (57). 
In the study among Finnish adolescent athletes, fish was consumed more frequently, on average 1,9 
times per week among males and 2,3 times per week among females, as compared to our study 
(89). In our study, 58,8% of the participants consumed fish and other sea foods at least twice a 
week, which is twice as much than what the Greek athletes did (20). Based on all these 
comparisons, we believe it is justified to note that the diets of the athletes in our study, even of 
those in the L group, were on a good level already at baseline. This notion applies also to the overall 
supplement use, which was less prevalent than in the 2008 and 2014 national surveys among 
national and international level athletes (28,89). 
After acknowledging the good overall quality of the athletes in the DigiFuel study, it must, 
however, be noted, that the overall consumption of starches (4,3 times per day), a major source for 
dietary carbohydrates, was rather low. The participants were, after all, endurance athletes in the 
middle of their pre-competition or competition season. Studies from other countries have also 
observed low consumption of starches and grain products among athletes (20,52,53,56).  In a study 
on Greek athletes the carbohydrate intake was found to be adequate (>6 g/kg) among those who 
consumed daily >8 servings of starches including bread, cereal, pasta and rice (20). In our study, 
starches also included potato and sweet potato, which contain less carbohydrates compared to grain 
products. Therefore, it may be said that the results from our study, especially for the L group, are in 
line with the studies that have reported inadequate carbohydrate intakes among Finnish endurance 
athletes (15,17,18)  
It is unclear, why so many athletes seem to have trouble achieving adequate intake of 
carbohydrates, even despite otherwise good quality diet. One of the reasons may be the poor 
availability and/or usability of professional sports nutritionists. This was observed both in our study 
as well as in the national surveys (28,39). As the athletes in our study were not completely satisfied 
with their own diet either, a real need for improved sport nutritionist services among Finnish 
athletes seems to exist. 
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12.2 Changes in food consumption 
In this study, the use of an interactive mobile application with frequent personal feedback was 
anticipated to lead to more abundant changes than in previous interventions, where less frequent 
feedback has been provided by a nutritionist during face-to-face counseling (55-57). In our study 
the athletes engaged with the application and its automated feedback several times a day, while 
receiving constructive individualized feedback from the study nutritionist three times a week. 
Despite this intensive approach, no significant changes were observed in the variables that were 
created to match the goals of the DigiFuel -nutrition program. Our intervention was much shorter 
compared to other interventions that lasted from 8-weeks to 8-months (55-57). In addition, in a 8-
week intervention, no significant changes in food consumption were observed (56), while we did 
observe some significant changes already in four weeks’ time. It may be possible, that in order to 
obtain more profound dietary changes, regardless of approach, a longer intervention would be 
needed.  
It must also be recognized that the FFQ-questionnaire used in our study measured only the 
frequency of food consumption. Changes in portion sizes were, therefore, not detected. During the 
intervention, many participants were encouraged to increase or decrease their portion size instead of 
simply adding or removing a certain food. The participants were, for example advised to add more 
vegetables and fruits alongside their meal, or to have a bigger portion of potatoes, rice, pasta or 
bread, respectively. It is therefore possible, that while the participants actually increased or 
decreased their consumption of certain foods, the changes were not detected by the FFQ. On the 
other hand, other interventions that have reported the changes in athletes’ food consumption as 
number of daily servings, have not observed any major improvements either (57,56). 
Due to the low return rate of the post-intervention questionnaires, the results in our study, in that 
part, reflect mainly the dietary changes in the H group. As athletes in that group had such good diet 
quality already at baseline, it may also be possible that the nutrition program simply was not 
challenging enough, i.e. did not motivate, the athletes to make any significant dietary changes that 
could have been detectable with the FFQ. This would be supported also by the feedback we 
received from a participant in our study. Same lack of analytic ability of the FFQ to detect minor 
changes in food consumption among athletes with good quality diet at baseline was observed in 
another Finnish study as well (Vepsalainen).  
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The observed trend for reduced consumption of sugary drinks during the intervention and a 
significant reduction between baseline and the follow-up is in line with other studies (53,57). In 
these studies, the consumption at baseline has, however, been much higher. In this regard, the 
reduction in consumption in our study, where the consumption at baseline was already low, can be 
seen as a positive improvement. In the intervention with Finnish adolescent athletes using the 
earlier version of MealLoggerTM no reduction in consumption of soft drinks was observed, despite 
consumption similar to our study at baseline (89). In that study, reducing consumption of soft drinks 
was one of the objectives in a mobile game, in which points were given on preferable food choices. 
In our intervention, reduction of added sugar was not included in the nutrition program. It was, 
instead, addressed during the starting lecture, in one of the weekly messages and in the nutritionist’s 
meal photograph comments. 
As an interesting finding, we observed a statistically significant increase in consumption of berries 
(2,36 times per week). This increase may partly be explained by a seasonal variation in food 
consumption, as the intervention was conducted between June and July, which are the season of 
domestic berries. On the other hand, the follow-up questionnaires were collected in September, 
after the berry season, while the participants, especially in the H group, were still showing some 
persistence in their berry consumption. 
In the FFQ, the flavored and unflavored fermented dairy products were asked separately in order to 
distinguish dairy products with from those without added sugar. However, as many flavored dairy 
products currently on the markets contain no added sugar, or come with reduced sugar, the FFQ 
used in our study may be outdated. Therefore, the observed trend for increased consumption of 
flavored fermented dairy, proved as statistically significant in the H group alone, may be regarded 
as a positive dietary change. This increased consumption frequency brought the athletes closer to 
the recommendation of consuming small amounts of protein throughout the day (Beleen et al.). The 
increased consumption of flavored fermented dairy was detectable also by the follow-up 
questionnaire.  
The athletes were frequently encouraged to add berries etc. to their oatmeal, yogurt and muesli. 
They were also advised to add some sort of protein source to their meal, if they were, for example, 
consuming only porridge or bread at breakfast or having only a fruit as a snack. This kind of 
individualized and practical advice together with positive reinforcement (all positive changes 
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observed in the meal pictures were noted and verbally acknowledged), may have influenced the 
observed positive changes in athletes’ food intake. This is supported by the feedback from the 
athletes, who regarded the individualized meal comments more useful and engaging than the 
automated nutrition program. The results from other studies are inconclusive. Another intervention, 
in which adherence to guidelines provided as food servings was evaluated and revised during each 
one-on-one visit, was able to bring the athletes diets closer to the recommendations (57). Another 
intervention with similar approach did not, however, achieve any significant changes in the 
proportion of athletes meeting the recommended number of food servings for different food groups 
(55). All these differences are maybe highlighted by the Finnish study using a mobile application 
similar to ours, in which the observed increase in the use of whole grain products was linked to 
clear objectives of a nutrition mobile game, while the increase in consumption of nuts was thought 
to have followed discussions at the tutorial meetings (89). Due to the great variety of procedures in 
athletes’ nutrition interventions, it is hard to say what exactly are the elements needed to achieve 
relevant dietary changes. Mobile technologies have been shown to be able to support behavioral 
change by increasing self-monitoring, but as for all other elements, especially those providing back-
to-back communication, the research has shown varying results (88). More research on the use of 
mobile technologies among athletes is, thus, needed. In addition, more emphasize should be put to 
the ways the nutrition information and feedback is provided as also practitioners’ communication 
skills have been shown to be related to the patient adherence (94). Creating a MealLoggerTM 
nutrition program with more individualized and detailed serving goals, supported with coherent 
meal comments, may in the future interventions help to achieve more relevant changes in food 
consumption. 
Interestingly, we observed a significant reduction in the consumption of milk and milk alternatives 
during the intervention. A reduction in milk consumption was observed also in the study using an 
earlier version of MealLoggerTM (89). In our study, the reduction also showed some degree of 
persistence, indicating that the change may not have been explained by seasonal variation only, e.g. 
by the absence of school lunch during the summer time. Also worth noticing is that in neither of 
these studies, the change was not associated with an increased consumption of other beverages (89).  
Besides changes in food intake, we also observed an overall reduction in the supplement use. The 
most common supplement that was given up, was vitamin D. At the pre-intervention nutrition 
lecture we emphasized that vitamin D supplementation is recommended during the winter time 
only. it is possible that this has had an influence on the athletes’ behavior. It also is possible, that 
the intervention has had a positive effect athletes’ unnecessary supplementation use in general, as 
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their overall use was reduced during the study period.  
12.3 Motivation and perceived competence 
To our knowledge this was the first study to examine the role of athletes’ motivation and perceived 
competence, as defined by SDT, during a nutrition intervention. In our study the autonomous 
motivation for sports was not a good indicator for autonomous motivation to follow a certain diet, 
as we observed only a weak and non-significant correlation between these two. One would assume 
that a link between these two exists, if the athlete feels that following an optimal diet is part of the 
athletic lifestyle. While no conclusions are justified due to our small sample size, the observed lack 
of correlation between the measures for the SRQ sport and SRQ diet is interesting. In the future, 
athletes’ perceptions of the importance of following an optimal diet should be examined more 
thoroughly.  
We observed no changes in perceived competence during the intervention period. In another study 
with SCT as the conceptual framework, athletes’ self-efficacy was increased during an 8-week 
nutrition education program, but no significant changes in dietary intake were observed (56). 
Duration of the intervention may have a role as health outcomes have been associated with 
increases in autonomous motivation and perceived competence in studies where these measures 
have been assessed over a period of six months to a year. (95,96). It, thus, seems that our 
intervention was maybe too short to detect any significant changes in athletes’ motivation or 
perceived competence. And again it must be noted, that the athletes in our study showed high rates 
of autonomous motivation for sports and for following a certain diet together with high levels of 
perceived competence already at baseline.  
12.4 Supporting behavioral change and increasing adherence 
There is no clear explanation for why approximately half of the participants, i.e. the a posteriori 
defined L group, never picked up the nutrition program as it was intended. In the end, these low 
adherence participants were those who probably could have gained the most benefit from the 
nutrition coaching, as their diet quality and intake of carbohydrate rich foods at baseline were lower 
than in the H group. 
It has been suggested that there may be a gender difference in the acceptability of mHealth 
technologies both due to differing attitudes and subjective norms as well as due to the fact that 
males simply enjoy more engaging with technology (97). These ideas could be in line with our 
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study, as the proportion of females was indeed greater in the L group. The literature on gender 
differences in diet interventions among athletes is, once again, scarce and the results inconclusive. 
In the study among Brazilian athletes, no differences between males and females were observed 
(57). In the earlier Finnish study, the positive changes in food consumption were more visible 
among the male athletes as compared to females (89).  In those other interventions, with variable 
outcomes, the athletes have been all-female (54-56, 58). 
In our study, the athletes in the L group were also younger and more likely to live with a guardian, 
than in the H group. The observation is at odds with the findings on the Brazilian athletes, where 
more significant dietary improvements were seen among adolescents than among adults (57). An 
important difference is, that the Brazilian parents were present during the one-on-one consultations 
of their resident adolescents. Another study, providing the parents a separate nutrition education 
session, observed more positive changes among those athletes, whose parents were involved, than 
among those athletes whose parents were not (53). In order to increase adherence in future studies, 
parental involvement should be facilitated when implementing nutrition interventions for residential 
athletes.  
Dietary satisfaction has shown to be associated with better adherence to dietary modifications in a 
health care setting (98). The results from our study suggest, that the positive feedback during the 
intervention had an impact on how the athletes perceived their diet, as a significant improvement in 
the mean dietary satisfaction score was observed. This observation should, of course, be treated 
with care, as we were not able to estimate the post-intervention dietary satisfaction of the L group. 
According to SDT, besides being internally motivated, in order to practice self-determination, an 
individual has to be able to satisfy the needs for autonomy, relatedness and competence. Supporting 
the three basic needs have shown to result in better patient engagement and health outcomes in 
health related interventions (69). Need satisfaction has also been associated with better wellbeing 
among athletes (62,66). It is unclear, whether the athletes in our intervention perceived the 
intervention autonomy supportive. In studies on athletic coaching, athletes have shown to prefer 
more democratic coaching styles, which has also been shown to support athletes’ self-determined 
motivation for sports (63,65). For further interventions, the role of autonomy support should be 
explored more thoroughly.  
One of the techniques to be explored in the future studies could be motivational interviewing (MI). 
It has also been suggested that SDT provides the framework behind how and why MI works (99). 
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According to MI, an individual may be holding conflicting motives towards the behavior change 
and therefore react with resistance if coerced to change. It can be speculated, whether the low 
engagement of the participants in the L group could be explained by using the theoretical 
framework of MI. It is believed that MI provides an autonomy-supportive atmosphere, which 
allows individuals to find their own source of motivation and achieve their own success (99). 
Exploring and applying techniques used in MI may provide a better insight in how the participants 
could be successfully motivated and supported to achieve relevant dietary changes. A practical 
application of MI could be, for instance, that the goals for the nutrition program in MealLoggerTM 
were worked out together with the athlete, instead of setting them up in advance. In the nutrition 
intervention among Finnish adolescent athletes, where significant changes were observed in the 
consumption of vegetables, fruits and berries and fish, the changes were associated with the athletes 
setting their own objectives (89). 
The MealLoggerTM application has also a peer support feature that allows for assembling virtual 
groups, where participants can all see each other’s meal photographs and provide comments as well 
as support. As the athletes in our study did not participate in team sports and were therefore not 
familiar with each other, we decided not to utilize this application feature at all. However, in 
regards with the need for relatedness, this feature should be explored and utilized in further 
interventions. A recent study, where the virtual peer support feature of MealLoggerTM was applied 
among type 2 diabetics, a significant increase in consumption of vegetables and fruits was observed 
together with a significant reduction in weight and waist circumference (100). In addition, as many 
as 84% of the participants reported that they got support from the other group members. Perceived 
social support has also been associated with healthier food choices among adults who are showing 
autonomous motivation (101). In addition, higher levels of perceived social support has shown, by 
the same study, to attenuate negative association between controlled motivation and healthy food 
choices. With these in mind, it may be beneficial not only to integrate nutrition coaching better with 
athletic training, but also to involve the coaches to the nutrition education as well. 
12.5 Study limitations and future research 
Study questionnaires 
One of the limitations of this study was that the FFQ-questionnaire measures only the frequency of 
food consumption and we were not able to detect the potential changes in athletes’ portion size. For 
further studies a more accurate method to measure the participants’ food consumption should be 
chosen to detect the changes in the absolute consumption. As the meal photography method has 
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already been validated by some studies (78,81,83), the possibility of using photos as a primary 
source for food consumption data should be investigated. In addition, the qualitative examination of 
the accuracy of the logged food servings in our study, suggests that the servings data alone could be 
also utilized. While this kind of use of photographs and/or servings data logged by the users could 
reduce the study burden, these methods should, however, first be validated. 
The original SRQ for gymnastic was retrieved from the SDT web site 
(http://selfdeterminationtheory.org), but it’s use in research among athletic populations has been 
scarce. It can be argued that the sports motivation scale (SMS), developed originally by Pelletrier et 
al. (102) and then revised by Mallet et al. (103) and Pelletrier et al. (104) would have served better 
the purposes of our study. In the SRQ diet used in our study, the items representing identified 
regulation were related with the motivation to stay healthy. In the SMS, the reasons are related to 
self-development through sports. In addition, integrated regulation was not included in the SRQ diet 
used in our study, but would have been included in the SMS. However, for the items representing 
amotivation, external regulation and introjected regulation the SRQ diet and SMS are almost 
identical. Therefore, the subscale scores retrieved for at least these three motivational styles should 
be valid in our study. 
To my knowledge, this was the first study assessing athletes’ motivation to follow a certain diet. All 
the items from the original TSRQ and PCS for diet were modified so that they would deal with 
reasons why an athlete would either start eating a more optimal diet or continue to do so. Despite 
the small sample size, the internal consistency for the PCS was excellent, while for the SRQ only 
satisfactory. For further studies, validated questionnaires to measure especially athlete’s motivation 
for adhering to a certain diet should be used in order to reliably measure the motivation. 
Lack of preliminary dietary assessment 
It was primarily intended that for this intervention, the athletes’ dietary practices would have been 
assessed using MealLoggerTM prior the actual intervention. This baseline assessment would have 
enabled a tailoring of both the sports nutrition lecture at baseline as well as the nutrition program 
implemented through the application. Due to difficulties in recruiting enough athletes for the study, 
it was decided to lessen the athletes’ burden by canceling the preliminary dietary assessment 
protocol. The results from this study, however, now highlight the importance of evaluating the 
athletes’ dietary practices beforehand. For further interventions, in order to provide more effective 
and individualized nutrition coaching, a preliminary assessment of the athletes’ dietary practices 
 70 
should be included so that the intervention can be modified to fit the current level of the 
participating athletes.  
Length and timing of the intervention 
Little is known about the optimal length of nutrition interventions for athletes. It is possible that the 
intervention should be less intensive and stretch over a longer period of time (55,57). In terms of 
using the MealLoggerTM as part of the future interventions, a periodical use of the application 
should be considered as the engagement to the application tends to decrease over time, as also 
observed in the previous study among adolescent athletes (89). 
Another timing related detail in our study was, that many athletes started their summer break before 
the end of the intervention, and had been in the middle of their competition season during the 
intervention. In the future, the timing of the intervention should be considered more carefully. 
Better adherence and more significant results might be obtained if the nutrition intervention were 
implemented at the beginning of the training season instead of trying to apply dietary changes 
during the competition season, when athletes are already burdened.  
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13 Practical applications of this study 
This study provided valuable information on the feasibility and acceptability of the mobile 
application MealLoggerTM among young athletes. The results will be utilized in the first part of the 
doctoral thesis of MSc Maria Heikkilä, to help to design and implement a nutrition intervention for 
young endurance athletes. In the light of the results from this study, together with the observations 
from other interventions conducted among athletes, a special attention will be given to promoting 
adequate carbohydrate intake. 
In this study, we demonstrated how the mobile application MealLoggerTM is a potential tool to be 
used in remote nutrition education among athletes who are willing to commit and engage to the 
coaching provided. Compared to traditional one-on-one counselling sessions, the athletes can 
receive almost real-time feedback on their eating regardless of their or the professionals’ 
geographical location. The image assisted food record can also provide sports nutritionists more 
reliable information on the athletes’ diet as compared to traditional written food journals. The 
method is also less burdening for the athletes, who struggle with finding the time for nutrition 
consultations or for filling out a traditional food journal. However, based on this study, not much 
can be concluded about the effectiveness of the servings based MealLoggerTM nutrition program 
feature. More research is needed to determine the appropriate way to utilize this feature among the 
athletic population.  
The results from our study also demonstrated the importance of appropriate baseline assessment, so 
the athletes can be provided dietary advice and guidance relevant to their current needs. In addition, 
in order to increase the engagement and adherence of athletes who are showing low degrees of 
commitment, successful behavioral techniques with a more democratic approach should be 
explored and utilized when providing nutrition coaching. Most importantly, the nutrition education 
should be integrated better with the athletic training and also involve other people like parents and 
coaches, whose support may be a relevant factor in achieving better adherence. 
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14 Conclusion 
During a four-week nutrition intervention carried out using an image assisted food record mobile 
application, a statistically significant increase in consumption of berries was observed. There was 
also a trend for increased consumption of fermented dairy products and a trend for decreased 
consumption of sugary drinks. We also observed a significant increase in participants’ dietary 
satisfaction. These positive dietary changes showed also a degree of persistence in the follow-up. 
However, no changes in food consumption in relation to the goals of the implemented application 
inbuilt nutrition program, were observed. The inherent properties of the food frequency 
questionnaire, together with good diet quality already at baseline, may partially explain why no 
changes were observed. 
Already from the beginning of the intervention, the participants seemed to divide into two 
distinctive groups according to their adherence to the implemented nutrition program. No 
differences in baseline motivation or perceived competence between the groups were observed 
neither were there any significant differences in food consumption at baseline. The participants in 
the low adherence group, whose overall engagement to the application also was lower, were 
significantly younger, mostly female and almost all living with a guardian, who was at least partly 
responsible for the acquisition and preparation of food at home. Despite these limitations, the 
mobile food journal application showed good feasibility and acceptability among the high 
adherence participants.  
For further interventions to achieve more significant changes, a proper baseline assessment should 
be included in order to adjust the nutrition goals according to the athletes’ current needs. Also more 
democratic coaching styles should be explored to increase the engagement of the participants 
showing low commitment, while also integrating the nutrition coaching better with the athletic 
coaching.   
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Appendix A: Background questionnaire 
 
1. Gender  Female ½___½  Male ½___½ 
  
2. Age:   ½___½___½ years 
 
3. Height   ½___½___½___½ cm 
 
4. Weight   ½___½___½___½ kg 
 
5. School 
___________________________________________________________________________ 
 
6. Sport 
____________________________________________________________________________ 
 
7. Athletic team 
_____________________________________________________________________ 
 
8. Urhea Sports Academy level   1½___½ 2½___½ 3½___½ 
 
9. I live 
 With a parent or a guardian   ½___½ 
 Alone      ½___½ 
 Together with someone else, who?  
_______________________________________________ 
 
10. On a scale from 1 to 10, how satisfied you are on your current diet (1= not satisfied at all, 
10= extremely satisfied)   ½___½___½ 
 
11. Where have you gained your knowledge on good nutrition? Describe as detailed as 
possible. 
________________________________________________________________________________
________________________________________________________________________________ 
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Appendix B: Food frequency questionnaire 
 
1. At the moment, are you following any specific diet or do you have any dietary restrictions? 
If yes, please describe.  
________________________________________________________________________________
___ 
 
2. What type of spread do you usually use? Please write down the name and fat content. (F. 
ex. Keiju, normaalisuolainen 60%) 
________________________________________________________________________________
___ 
 
3. What type of fat do you usually use in food preparation? (frying, added to meals etc. F. ex. 
rape seed oil, coconut oil, butter) 
________________________________________________________________________________
___ 
 
4. Who takes care of the acquisition of food at your household? (Choose one or multiple) 
 Me      ½___½ 
 A parent or a guardian  ½___½ 
 Someone else, who? 
_____________________________________________________________ 
   
5. Who prepares the food you eat at home? (Choose one or multiple) 
 Me      ½___½ 
 A parent or a guardian  ½___½ 
 Someone else, who? 
_____________________________________________________________ 
 
6. How many meals (main meals, snacks, recovery supplements outside meals) do you usually 
consume daily?  ½___½___½ 
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7. How often have you had the following meals during the past week?  
If you haven’t had the meal in question at all, mark an “X” to the column “not at all”. 
For example if you’re having breakfast daily, mark “7” to the column “times per week”. 
 
 Not at all Times per week 
Breakfast   
Warm Lunch   
Warm Dinner   
	  
8. How often have you consumed the following foods during the past week?  
If you haven’t consumed the foods in question at all, mark an “X” to the column “not at all”.  
If you have consumed the foods in question once a day or more frequently, fill your estimation to 
the column “times per day”. 
If you haven’t had the foods in question daily, fill your estimation to the column “times per week”. 
Please fill only one column for each row! 
 
 Not at all Times per day Times per week 
Vegetables, fruits and berries    
Fresh vegetables (f. ex. salad, grated 
vegetables, tomato) 
   
Cooked and canned vegetables (in dishes or as 
a side) 
   
Potato, sweet potato (all dishes)    
Peas, beans, lentils, soy (f. ex. tofu, falafel)    
Fresh fruits    
Canned and frozen fruits (f. ex. pineapple, 
smoothie mix)  
   
Berries (Fresh or frozen)    
Dried fruits and berries (f. ex. banana chips, 
rasins) 
   
Fruit purees, smoothies, stewed juices    
Dairy    
Skimmed milk and sour milk    
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Low-fat milk and sour milk    
Whole milk and sour milk    
Flavored and sweetened milk- and plant based 
drinks (f. ex. chocolate milk, soy milk) 
   
Unflavored fermented milk products (f. ex. 
yogurt, viili, kvark) 
   
Flavored fermented milk products (f. ex. 
yogurt, viili, kvark) 
   
Low-fat cheese (< 20% fat, f. ex. Polar15, 
Edam17, cottage cheese) 
   
High-fat cheese (> 20% fat, f. ex. Oltermanni, 
Gouda, Feta) 
   
Ice cream    
Seafood    
Fish and other seafood (f. ex. soup, casserole, 
fried fish, shrimps, mussels, tuna) 
   
Meat, poultry and eggs    
Red meat (beef, pork, lamb, game, f. ex. steak, 
meatballs, casserole) 
   
White meat (poultry f. ex. fillet, gravy, wok)    
Whole meat cold cuts (f. ex. ham, turkey)    
Sausages, wieners (f. ex. HK Blue, salami)    
Eggs (boiled, fried, omelets)    
Grain products    
White rice and pasta    
Dark rice and pasta    
Rye bread, rye crisp, crisp bread    
Whole grain bread (f. ex. brown bread, 
oatbread, graham bread) 
   
White bread (f. ex. French bread, loaf bread)    
Porridge, cereal and muesli without added 
sugar (f. ex. oatmeal, Weetabix) 
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Porridge, cereal and muesli with added sugar 
(f. ex. Frosties, Coco pops) 
   
Sweet pastries (f. ex. cakes, biscuits, buns)    
Salty pastries (f. ex. Karelian pie, meat pie, 
meat pastry) 
   
Others    
Nuts, almonds, seed (natural, unsalted)    
Seasoned nuts, almonds and sieds (f. ex. salted 
peanuts) 
   
Chips, popcorn     
Chocolate    
Candy (f. ex. salty licorice, gummy bears)     
Drinks    
100% vegetable and fruit juices (f. ex. orange 
juice, no added sugar) 
   
Juices with added sugar (f. ex. Juissi, juice 
boxes) 
   
Soft drinks and energy drinks with added sugar 
(f. ex. Jaffa, ED) 
   
Sugar-free soft drinks and energy drinks (light 
or stevia) 
   
Sports supplements    
Sports drinks (F. ex. Dexal)    
Energy and protein bars (f. ex. TehoSport, 
Leader) 
   
Recovery drinks and powders (f. ex. 
Gainomax, Reco2) 
   
	  
9. Have you used any nutritional supplements during the past month? (F. ex. vitamin and/or mineral 
supplements, herbal products etc.) List all supplements; product name, dosage and frequency of use.  
Product name Dosage Frequency of use 
F. Ex. Devisol D-vitamin 10 µg Once a day 
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10. During the past week, have your routines been somehow unusual? (F. ex. being on a 
training camp, competitions etc.) If yes, please describe as detailed as possible. 
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________ 
________________________________________________________________________________ 
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Appendix C: SRQ for sports 
 
The following statements deal with those reasons, why you are engaging in your own sport. 
We want to know how well you relate to the following statements. 
Please indicate the extent which each statement is true for you. (1= completely disagree, 4= 
somewhat agree, 7= completely agree) 
 
Why do your engage in your own sport? 
1. For the pleasure I feel when I practice my sport. 
2. I used to have good reasons for doing my sports, but now I am asking myself if I should continue 
doing it. 
3. I would feel bad about myself if I was not taking time to do my sport. 
4. It is a good way to get exercise. 
5. My parents or other family members give me money or other rewards when I do it. 
6. For the excitement I feel when I am really involved in my sport. 
7. I learn valuable lessons from my sport. 
8. It is absolutely necessary for me to do my sport to feel good about myself. 
9. It is not clear to me anymore; I don't really think it is my sport. 
10. My parents, other family members, or friends tell me to do it. 
11. For the pleasure of discovering new techniques and skills. 
12. I'm not sure why I still practice my sport, I don't seem to be going anywhere in it. 
13. I think my sport is a useful way to stay healthy. 
14. My parents, family, or friends would be mad if I didn't practice my sport anymore. 
15. I would feel awful if I didn't do my sport anymore. 
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Appendix D: SRQ for diet optimal for sports 
The following statements deal with those reasons, why you would be ready to change your 
eating habits and maintain a diet that is optimal for sports. We want to know how well you 
relate to the following statements.  
Please indicate the extent which each statement is true for you. (1= completely disagree, 4= 
somewhat agree, 7= completely agree) 
 
I’m ready to eat as an athlete should, because: 
 
1. Because I feel that I want to take responsibility for my athletic career. 
2. Because I would feel guilty or ashamed of myself if I did not eat as an athlete should. 
3. Because I personally believe it is the best thing for my athletic career. 
4. Because others would be upset with me if I did not eat as an athlete should. 
5. I really don't think about it. 
6. Because I have carefully thought about it and believe it is very important for many aspects of my 
life. 
7. Because I would feel bad about myself if I did not eat as an athlete should. 
8. Because it is an important choice I really want to make. 
9. Because I feel pressure from others to eat as an athlete should. 
10. Because it is easier to do what I am told than think about it. 
11. Because it is consistent with my life goals. 
12. Because I want others to approve of me. 
13. Because it is very important for succeeding in sports. 
14. Because I want others to see I can eat as an athlete should. 
15. I don't really know why. 
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Appendix E – Perceived competence (Maintaining a diet optimal for sports) 
 
The following statements deal with making dietary changes and maintaining a certain diet. 
Please indicate the extent which each statements is true for you. (1= completely disagree, 4= 
somewhat agree, 7= completely agree) 
 
1. I feel confident in my ability to maintain a diet optimal for sports. 
2. I now feel capable of maintaining a diet optimal for sports. 
3. I am able to maintain a diet optimal for sports permanently. 
4. I am able to meet the challenge of maintaining a diet optimal for sports.  
